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ABSTRACT 


The  purpose  of  this  study  was  to  investigate  the 
effects  of  a  program  of  Circuit  Training  on  selected  strength 
and  cardiovascular  measures.  The  program  was  administered 
over  a  ten  week  period,  five  days  per  week  for  a  duration  of 
ten  to  twelve  minutes  per  day  in  which  from  two  to  three 
circuits  per  individual  were  performed.  Grade  Eight  and  Grade 
Nine  boys  (N=60)  and  girls  (N=38)  were  used  as  subjects.  Car¬ 
diovascular  endurance  was  measured  by  the  Astrand-Ryhming  (10) 
Predicted  Maximal  Oxygen  Intake  Test  with  values  given  in 
liters  per  minute.  Muscular  strength  was  measured  by  cable 
tensiometer  and  grip  dynamometer  techniques  after  the  methods 
used  by  Howell,  Loiselle  and  Lucas  (53).  Each  individual's 
strength  scores  were  summed  to  give  a  single  strength  index 
in  pounds. 

Boys  and  girls  were  treated  separately  on  both  of  the 
indices  employed  and  each  sex  had  an  experimental  group  which 
performed  Circuit  Training  and  a  control  group  which  performed 
Structured  Play  in  lieu  of  Circuit  Training  as  part  of  the 
daily  physical  education  class  period. 

The  following  conclusions  appear  to  be  reasonable 
within  the  limitations  of  the  samples  investigated,  the  car¬ 
diovascular  and  strength  measurements  employed,  the  types  and 
performance  of  the  Circuit  Training  employed  and  the  statist¬ 
ical  treatment  used: 

1.  Circuit  Training  influenced  the  boys'  experimental 
group  to  change  in  a  significantly  different  way  than  the 


boys'  control  group  in  terms  of  predicted  maximal  oxygen 
consumption.  The  experimental  group  mean  increased  while 
the  control  group  mean  decreased. 

2.  Circuit  Trairiing  influenced  the  girls'  experimental 
group  to  change  in  a  significantly  different  way  than  the 
girls'  control  group  iri  terms  of  predicted  maximal  oxygen 
consumption.  The  experimental  group  mean  increased  while  the 
control  group  mean  decreased. 

3.  The  boys'  experimental  group  did  not  change  in  a 
significantly  different  way  than  the  boys'  control  group  in 
terms  of  summed  strength  values.  The  means  of  both  groups 
increased,  but  the  mean  of  the  experimental  group  increased 
more  than  the  mean  of  the  control  group. 

4.  Circuit  Training  influenced  the  girls'  experimental 
group  to  change  in  a  significantly  different  way  than  the 
girls'  control  group  in  terms  of  summed  strength  values.  The 
means  of  both  groups  increased,  but  the  mean  of  the  experimental 
group  increased  more  than  the  mean  of  the  control  group. 

5.  Significant  Trials  effects  were  achieved  in  com¬ 
parisons  involving  boys'  groups  as  well  as  girls'  groups  on 
summed  strength  values  and  boys'  groups  on  predicted  maximal 
oxygen  consumption  values.  A  significant  Trials  effect  indi¬ 
cates  that  the  overall  mean  of  values  of  a  control  and  experi¬ 
mental  group  considered  after  the  experiment  is  significantly 
different  from  the  overall  mean  of  values  of  the  same  groups 
considered  before  the  experiment.  In  each  case,  experimental 
groups  had  final  mean  values  that  were  higher  than  respective 


control  group  means. 

6.  No  significant  Groups  effects  were  achieved  by 
either  sex  on  either  variable.  An  insignificant  Groups  effect 
signifies  that  the  overall  mean  of  the  experimental  group  con¬ 
sidered  before  and  after  the  experiment  is  not  significantly 
different  from  the  overall  mean  of  the  control  group  considered 
before  and  after  the  experiment. 

Differences  were  considered  significant  at  the  0.05 
level  of  confidence. 
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CHAPTER  I 


STATEMENT  OF  THE  PROBLEM 


Introduct ion . 

The  enactment  of  Bill  C-131  (17)  (An  Act  to  Encourage 
Fitness  and  Amateur  Sport)  by  the  Federal  Government  of  Canada 
serves  as  convincing  evidence  of  the  fact  that  the  political 
leaders  of  our  country  are  somewhat  concerned  about  the  level 
of  physical  fitness  of  the  people  of  Canada,  The  provision 
of  five  million  dollars  in  any  one  fiscal  year  as  may  be  re¬ 
quired  for  the  purposes  of  this  act  serves  to  verify  this 


concern , 

The  American  Association  for  Health,  Physical  Education 

and  Recreation  may  help  to  bring  to  light  the  reason  for  this 

concern  in  the  following  statement  (5): 

Although  man's  need  for  survival  has  changed,  his  biological 
design  has  not.  He  is  still  meant  to  be  an  active,  not 
a  sedentary  individual.  Modern  man  has  a  critical  choice, 
either  he  includes  in  his  life  vigorous  activities  or 
suffers  losses.  If  he  chooses  to  remain  fit,  he  must 
elect  those  activities  and  practices  that  lead  to  this  end, 

A  Canadian  publication,  the  5BX  Plan  of  the  R.C.A0F» 

(74)  relates  the  situation  to  Canada  as  follows: 

Mechanization,  automation  and  worksaving  devices  to  make 
life  easier  are  depriving  us  of  desirable  physical  activity, 
Canadians,  as  a  result,  are  in  danger  of  deteriorating 
physically  despite  the  high  standard  of  living. 

A  conflict  of  opinions  is  possible  over  the  direction 
that  physical  education  should  take  in  the  schools.  Should 
physical  educators  concentrate  on  physical  fitness,  or  should 
broader  objectives  be  striven  for,  among  which  is  included 
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physical  fitness?  This  dilemma  is  intensified  by  the  current 
public  and  governmental  emphasis  on  physical  fitness  and  the 
limited  time  and  facilities  given  physical  education  in  some 
school  situations o 

A  review  (72:45)  of  over  thirty-five  courses  of  study 
for  public  schools,  representative  of  the  United  States  and 
Canada,  provides  a  resume  of  opinions  concerning  the  objectives 
of  physical  education.  To  indicate  the  broad  scope  of  phys¬ 
ical  education,  four  to  six  objectives  under  each  of  three 
main  headings;  Physical  Development,  Mental  Development  and 
Social  Development,  for  a  total  of  fifteen  specific  objectives 
can  be  listed  according  to  this  review. 

Other  authorities  (28,  81,  95)  emphasize  the  fitness 
objective  of  physical  education. 

In  the  school  situation  with  limited  time  available, 
if  skills  for  use  in  leisure  time,  positive  attitudes,  social 
cooperation,  and  knowledge  of  physical  education  are  emphasized, 
the  student  may  not  know  what  it  is  to  be  physically  fit  and, 
therefore,  not  value  that  state.  On  the  other  hand,  if  phys¬ 
ical  fitness  activities  are  the  major  concern  of  the  teacher, 
where  will  the  student  learn  to  become  proficient  in  and 
predisposed  to  wholesome,  vigorous  leisure  time  activities, 
with  their  concomitant  values? 

Van  Vliet,  in  his  book  Physical  Education  for  Junior 
and  Senior  High  Schools  (90:4)  summarized  the  reasons  for, 
and  gives  direction  toward,  an  answer  to  this  dilemma: 

Physiologists  contend  that  secondary  school  students  need 
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from  one  to  two  hours  of  big  muscle  activity  each  day  for 
normal  growth  and  development.  Sociologists  and  psychol¬ 
ogists  emphasize  the  need  for  group  experience  and  per- 
sonal  development.  The  physical  education  program,  given 
enough  time  each  day  and  reasonable  facilities  with 
proper  supervision,  can  provide  the  best  practical  labor¬ 
atory  for  the  accomplishment  of  these  recognized  human 
requirements ;  and,  further  it  provides  knowledge,  skill 
and  enjoyment  which  can  be  extended  into  more  wholesome 
use  of  leisure  time. 

The  problem  for  the  teacher  of  physical  education  is 
that  of  being  able,  in  a  manageable  fashion,  to  use  available 
facilities  in  applying  educationally  sound  activities  over 
sufficient  time  to  achieve  the  variety  of  desirable  goals. 


The  Problem. 

The  purpose  of  this  study  was  to  investigate  the  physio¬ 
logical  effects  of  a  program  of  Circuit  Training,  The  program 
was  administered  over  a  ten  week  period,  five  days  per  week  for 
a  minimum  of  ten  minutes  or  two  circuits  and  a  maximum  of  twelve 
minutes  or  three  circuits  daily.  Effects  were  noted  on  the 
cardiovascular  endurance  and  muscular  strength  of  Grade  Eight 
and  Grade  Nine  boys  and  girls.  Cardiovascular  endurance  was 
measured  by  the  Ast rand-Ryhming  (10)  predicted  maximal  oxygen 
intake  test  with  values  given  in  liters  consumed  per  minute. 
Muscular  strength  was  measured  by  cable  tensiometer  and  grip 
dynamometer  techniques  after  the  methods  used  by  Howell, 

Loiselle  and  Lucas  (53),  Strength  scores  were  summed  to  give 
a  single  strength  index  for  each  subject. 

Boys  and  girls  were  treated  separately  on  both  of  the 
indices  employed  and  each  sex  had  an  experimental  group  which 
performed  Circuit  Training  and  a  control  group  which  performed 
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Structured  Play  instead  as  part  of  the  daily  physical  education 
class.  The  following  hypotheses  were  tested. 

The  null  hypotheses  assert  there  will  be  no  significant 
Groups,  Trials,  and  Groups  by  Trials  effects  (36)  achieved 
by  groups  of  either  sex  on  either  of  the  indices  employed 
over  the  course  of  the  experiment.  The  alternate  hypotheses 
assert  there  will  be  significant  Groups,  Trials,  and  Groups 
by  Trials  effects. 

Justification  of  the  Study. 

There  have  been  several  articles  describing  aspects  of 
Circuit  Training  (3,  4,  46,  47,  48,  49,  68)  and  several  have 
described  controlled  experimentation  and  its  effect  on  the 
human  body  (2,  4,  21,  51,  52,  67,  71,  84,  93).  Only  two  art- 
icles  have  been  found  showing  the  effects  of  Circuit  Training 
on  school  children  (4,  21). 

Circuit  Training,  as  a  method  of  achieving  physical 
fitness,  has  many  advantages  that  warrant  its  use  in  the 
school  situation.  Major  considerations  are  that  it  provides 
for  individual  differences  (50:12)  within  the  class,  and 
allows  the  pupil  to  work  without  direct  supervision.  Oppor¬ 
tunity  is  provided  the  pupil  to  practice  self  direction  and 
to  take  responsibility  for  his  own  actions.  The  teacher  is 
permitted  to  plan  for  the  conclusion  of  each  session  of  fit¬ 
ness  training  at  a  specific  time  point  in  the  class  period. 

In  addition,  Circuit  Training  frees  the  teacher  from  direct 
active  participation  in  conducting  the  fitness  program,  an 
important  practical  consideration  for  any  teacher  who  may 
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have  seven  or  eight  classes  arriving  one  after  another  daily. 
Circuit  Training,  then,  appears  to  be  educationally  sound  as 
a  physical  fitness  method. 

The  number  of  high  school  physical  education  class 
periods  offered  per  week  varies  in  the  province  of  Alberta. 
Situations  exist  in  which  one  double  period  a  week  is  given. 
Other  situations  differ,  with  from  two  to  five  separate  ses¬ 
sions  offered  per  week.  A  physical  education  class  period  may 
be  from  thirty-five  to  fifty-five  minutes  in  length,  but  the 
basic  period  is  forty  minutes  long. 

The  maximum  amount  of  physical  education  offered  is  a 
daily  class  (five  days  a  week)  of  forty  minutes  or  the  equiv¬ 
alent  of  two  hundred  minutes  per  week. 

The  way  one  divides  up  the  class  time  available  is,  of 
course,  a  question  of  values.  From  the  practical  point  of 
view,  assuming  one  subscribes  to  all  the  goals  of  physical 
education,  if  one  allows  about  ten  minutes  to  be  used  for 
changes  of  costume,  a  shower,  etc.,  and  about  twenty  minutes 
for  such  things  as  theory,  strategy,  skills,  practice  of 
skills,  play,  etc.,  then  only  ten  minutes  are  available  for 
direct  physical  fitness  training  (some  physical  fitness  bene¬ 
fits  may  accrue  incidentally  from  the  other  forms  of  activity 
offered).  It  may  be  useful,  then,  to  know  whether  or  not  a 
minimum  of  ten  minutes  of  direct  fitness  training  of  an  edu¬ 
cationally  sound  nature,  applied  equally  over  the  maximum 
number  of  sessions  available,  is,  in  fact,  of  any  benefit. 


. 
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Limitations  of  the  Study, 

1,  The  subjects  were  all  medically  fit  boys  and  girls 
enrolled  in  Physical  Education  in  Grades  Eight  and  Nine  at 
Devon  High  School,  Devon,  Alberta,  General  conclusions  are 
limited  because  of  the  hypothetical  nature  of  the  population 
which  the  non-random  sample  represents. 

2,  Only  two  aspects  of  physical  fitness  were  measured, 
cardiovascular  endurance  and  muscular  strength  as  represented 
by  the  indices  given  in  the  statement  of  the  problem. 

3,  Only  one  specific  program  of  Circuit  Training  in¬ 
volving  a  combination  of  three  types  of  circuits  was  studied. 
There  are  many  possible  forms  that  Circuit  Training  may  take, 

4,  Motivational  influences  unique  to  the  conduct  of 
the  Circuit  Training  Program  used  limit  the  conclusions  drawn. 

5,  The  program  was  applied  over  a  ten  week  time  period, 

6,  The  study  was  further  limited  by  the  nature  of  the 
statistical  procedures  that  were  utilized  to  analyze  the  data. 

Def^inltion  of  Terms. 

Circuit  Training.  Circuit  Training  is  a  system  of 
exercises  arranged  in  the  form  of  a  circle  or  circuit  in  such 
a  manner  as  to  enable  a  large  group  of  students  to  proceed 
from  one  exercise  to  another  without  undue  local  fatigue. 

Each  student  in  the  group  performs  at  his  or  her  own  work  capa¬ 
city.  "Progression  on  a  circuit  is  measured,  initially,  by 
decreasing  the  time  of  performance,  and  secondly,  by  increasing 
loads  or  repetitions  (50s 12)." 
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Circuit  Forms.  Three  forms  of  Circuit  Training  were 
employed  and  were  designated  Isotonic  or  Regular  ,  We  ight  ?  and 
Endurance  or  Laps  (Appendix  D) . 

Isotonic  Circuit,  This  form  of  Circuit  Training  in¬ 
volved  a  series  of  exercises  in  which  the  individual  repeated 
specific  body  movements  using  his  own  body  weight  as  a  resis¬ 
tance,,  It  was  intended  to  develop  both  muscular  strength  and 
cardiovascular  endurance. 

Weight  Circuit,  This  form  of  Circuit  Training  involved 
a  series  of  exercises  in  which  the  individual  repeated  specific 
body  movements  using  extraneous  weights  as  a  resistance.  It 
was  intended  to  develop  muscular  strength. 

Endurance  Circuit,  This  form  of  Circuit  Training 
involved  running  laps  around  the  gymnasium  floor.  It  was 
intended  to  develop  the  cardiovascular  endurance. 

Circuit  Station,  A  circuit  station  was  a  location  where 
a  designated  exercise  was  performed  a  specified  number  of  rep¬ 
etitions  or  within  a  desired  time  limit.  The  repetitions  or 
desired  time  limits  varied  with  each  individual. 

Circuit .  Progression  through  a  series  of  circuit 
stations  constituted  the  performance  of  a  circuit. 

Circuit  Training  Session,  The  performance  of  two  to 
three  circuits  at  one  training  period  constituted  a  Circuit 
Training  Session, 
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Circuit  Training  Program.  A  repetition  of  daily  Circuit 
Training  Sessions,  five  times  per  week,  over  ten  weeks  consti¬ 
tuted  the  Circuit  Training  Program  used  in  this  study.  The 
intention  of  the  Circuit  Training  Program  was  that  each  individ¬ 
ual  might  achieve  a  physiological  overload  which  stimulated 
the  growth  of  both  the  cardiovascular  system  and  selected  skel¬ 
etal  muscle  groups. 

Short  Circuiting.  This  term  meant  the  process  of  failing 
to  perform  the  circuit  according  to  designed  expectations, 
cheating  on  the  circuit.  This  may  be  done  by  loitering  on  the 
circuit,  "skipping"  stations,  doing  fewer  than  required  repeti¬ 
tions  at  each  station,  using  improper  form  at  each  station,  etc. 

Structured  Play.  The  practical  application  of  an  act¬ 
ivity  being  learned  in  class,  actual  playing  of  volleyball, 
actual  target  shooting  in  archery  or  a  game  in  basketball  was 
the  meaning  of  this  term  in  this  study.  The  activity  was  open 
to  intermittent  interruption  by  the  teacher  who  may  have  wished 
to  further  teach  the  sport  by  using  examples  of  play  situations 
that  had  arisen  in  the  course  of  the  activity. 

Cardiovascular  Endurance.  This  term  can  also  be  referred 
to  as  cardiorespiratory  endurance  or  circulatory  endurance, 
and  was  considered  to  be  a  kind  of  physiological  fitness  demon¬ 
strated  through  the  ability  of  the  heart  and  lungs  to  adjust  to 
prolonged  physical  exertion  (32:105). 

Muscular  Strength.  This  was  the  capacity  of  a  subject 
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to  apply  a  recordable  force  to  an  instrument,  through  the 
use  of  an  isometric  contraction  developed  by  one  or  more 
muscle  groups  of  the  body  (53:4). 

Astr and-Ryhminq  Predicted  Maximal  Oxygen  Intake  Test. 
This  was  a  submaximal  bicycle  ergometer  test  from  which  the 
maximal  oxygen  intake  in  liters  of  oxygen  per  minute  (aerobic 
work  capacity)  of  an  individual  was  estimated  from  a  nomogram. 
The  subject  pedalled  the  bicycle  ergometer  at  a  steady  rate 
with  a  given  resistance  over  a  calculated  time  until  a  steady 
state  was  reached.  The  amount  of  work  done  was  calculated  in 
kilopond  meters  per  minute  and  its  relation  to  heart  rate  at 
steady  state  was  compared  on  a  nomogram  to  give  the  predicted 
maximal  oxygen  intake. 

Aerobic  Work  Capacity.  The  maximal  oxygen  intake  of 
an  individual  in  liters  of  oxygen  per  minute  in  this  study, 
was  considered  to  be  an  individual’s  aerobic  work  capacity. 

Steady  State.  A  steady  state  occurs  when  the  individ- 

ual’s  organic  functions  have  adapted  to  the  work  being  per- 

formed.  At  this  time  oxygen  intake  is  equal  to  the  work  being 
done.  In  this  study,  a  steady  state  was  considered  to  have 

been  reached  when  pulse  rates,  measured  at  the  ends  of  two  con¬ 

secutive  minutes  of  pedalling  the  bicycle  ergometer  did  not 
vary  more  that  ts  beats  per  minute. 

Kilopond  Meter  (Kpm.).  One  kilopond  is  the  force 
acting  on  the  mass  of  one  kilogram  at  normal  acceleration  of 
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gravity  (10),  A  kilopond  meter  is  a  kilopond  acting  over  one 
meter . 


Maximal  Oxygen  Intake.  The  maximal  oxygen  intake  was 
the  rate  of  oxygen  consumption  attained  when  the  cardio- 
respiratory  mechanisms  could  make  no  further  adjustments  to 
increasing  work  loads,  i.e.,  oxygen  intake  remained  constant 
or  decreased  even  if  the  work  load  was  being  increased. 

Summed  Strength  Score.  The  sum  of  the  strength  scores 
in  pounds  of  selected  muscle  groups  of  the  body  was  considered 
an  individual’s  summed  strength  score.  In  this  study,  ten 
different  strength  measurements  were  made.  These  were,  for 
both  sides  of  the  body:  grip  strength,  elbow  flexion,  elbow 
extension,  and  knee  extension.  Leg  lift  and  back  lift  were 
also  tested  and  included  in  the  summed  total.  Two  measure¬ 
ments  for  each  muscle  group  tested  were  made  and  the  highest 
of  the  two  was  included  in  the  summed  total. 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

Literature  Related  to  Circuit  Training. 

Circuit  Training  was  developed  at  Leeds  University  in 
Great  Britain  by  Morgan  and  Adamson  (68).  It  is  a  method  of 
progressive  resistance  fitness  training  geared  to  individual 
differences,  but  may  be  used  by  a  group.  It  was  initially 
developed  for  use  at  the  university  level  but  has  since  been 
adapted  for  use  in  secondary  schools  (50). 

A  series  of  different  fitness  activities  are  situated 
in  circular  pattern  about  the  exercise  area.  Participants 
move  from  one  activity  to  another,  doing  individually  prescribed 
numbers  of  repetitions  of  an  exercise  at  each  stop.  The  series 
is  performed  three  successive  times,  each  identical  performance 
being  known  as  a  circuit.  The  number  of  repetitions  performed 
is  calculated  to  achieve  an  overload  of  selected  body  muscular 
systems  and/or  the  cardiovascular  system  by  the  end  of  the  third 
circuit.  The  developers  of  Circuit  Training  have  fully  outlined 
the  nature  and  methods  of  the  system  in  their  book  entitled 
Circuit  Training  (68). 

There  are  several  different  kinds  of  Circuit  Training 
Programs.  Any  number  or  combination  of  exercises  can  be  used. 

In  analyzing  the  three  methods  of  Circuit  Training  outlined 
by  Morgan  and  Adamson  (68)  one  finds: 

1.  "Individual  Measurement  Method."  Each  student  does 
his  own  dose  (number  of  executions  or  repetitions  per  circuit 
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station)  in  his  own  time.  All  students  finish  the  circuit  at 
different  times. 

2.  ’’The  Beginner's  Dose  and  Progression  Method.”  Each 
student  does  a  given  dosage  in  a  given  time.  All  students 
finish  the  circuit  activity  at  the  same  time,  but  exact  individ¬ 
ual  dosage  is  not  performed,  rather  broader  levels  of  difficulty 
are  encountered  as  one  progresses  from  an  easier  to  a  more 
difficult  circuit. 

3.  ’’The  Fixed  Dose  Method.”  Each  student  does  a  given 
dose  in  his  own  time.  Students  finish  the  circuit  at  different 
times. 

Howell  and  Morford  (50)  presented  an  adaptation  of  the 
’’Individual  Measurement  Method”  that  is  probably  better  suited 
to  a  school  class  situation  than  any  of  the  three  listed.  It 
allows  all  students  to  finish  the  circuit  at  the  same  time, 
thus  permitting  the  teacher  to  plan  for  a  definite  time  for 
the  training,  yet  each  student  does  an  exact  individual  dose. 

The  fact  that  Circuit  Training  can  provide  an  exact 
dosage  for  each  student  and  thereby  cater  to  individual 
differences  within  a  class  without  drawing  attention  to  the 
difference  of  individuals  is  probably  one  of  its  more  important 
educational  assets. 

In  this  connection,  Watt  (92)  was  of  the  opinion  that 
special  attention  should  be  given  individuals  who  are  defic¬ 
ient  in  basic  fitness  elements,  if  physical  education  is  to 
contribute  to  the  improvement  of  the  physical  fitness  of  our 
youth.  He  listed  the  following  features  of  Circuit  Training 
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that  make  it  adaptable  to  developmental  programs.  Such  qual¬ 
ities,  in  addition,  give  some  indication  as  to  the  desirability 
of  the  application  of  Circuit  Training  in  the  regular  physical 
education  program  in  our  schools  (92). 

a.  The  student  starts  off  easily  and  is  able  to  exper¬ 
ience  some  degree  of  success  early  in  the  program. 

b.  The  student  is  one  of  a  class,  but  not  asked  to  do 
anything  beyond  his  own  capabilities  each  day. 

c.  The  student,  when  ready,  progresses  to  an  individual 
circuit,  based  on  his  maximum  performance. 

d.  The  student  works  inconspicuously  among  the  other 
class  members  and  is  free  from  continuous  direction  from 
the  instructor. 

e.  Large  numbers  of  students  can  work  at  the  same  time. 

f »  The  circuit  selected  should  have  a  positive  effect 

on  muscular  oower ,  endurance  and  strength,  and  circulo- 
respiratory  endurance. 

g.  The  exercises  are  easily  standardized  so  that  the 
student  is  able  to  perform  the  same  way  each  day. 

h.  The  student  knows  exactly  how  he  progresses  each  day. 
He  can  set  a  daily  goal  and  objectively  see  how  he  is  pro¬ 
gressing  toward  it  and  toward  the  target  time. 

i.  Circuit  Training:  is  based  on  the  work  rate  of  the 
individual  and  employs  the  principle  of  "progressive 
loading"  (a  term  used  by  Morgan  and  Adamson) ,  which  is 
the  same  as  the  "overload  principle".  Only  in  Circuit 
Training  do  you  not  increase  the  weight,  but  decrease  the 
time  it  takes  to  perform  the  circuit,  plus  increasing  the 
number  of  repetitions  per  exercise  at  specific  times. 

Evidence  substantiating  the  value  of  Circuit  Training 
in  the  public  school  situation  appears  somewhat  limited  and 
inconclusive.  Brown  (21)  studied  two  groups  of  Grade  Five 
girls.  One  group  (experimental)  participated  in  a  ten  minute 
per  day,  three  times  per  week,  eight  week  Circuit  Training  Pro¬ 
gram.  The  Circuit  Training  was  performed  during  the  first  ten 
minutes  of  each  physical  education  class.  The  remainder  of  the 
lesson  consisted  of  the  regular  physical  education  class,  A 
second  group  (control)  participated  in  only  the  regular  physical 
education  program.  The  groups  were  tested  before  and  after 
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the  Circuit  Training  Program  on  the  A.A.H, P.E.R,  Youth  Fitness 
Test . 


Both  groups  made  statistically  significant  gains  in  the 
total  physical  fitness  scores.  However,  there  was  no  statist¬ 
ically  significant  difference  between  these  mean  gains. 

Adamson  and  Morgan  (4:85)  reported  the  following  improve¬ 
ments  shown  by  a  class  of  school  boys,  fifteen  years  of  age, 
who  performed  only  ten  minutes  of  Circuit  Training  per  week 
for  two  months: 

Exercise  Increase  in  Mean 

(as  a  percent  of  initial  levels) 


Trunk  Curls  . . 38 

Rope  Swing  ...........  28 

Chins  . . 55 

Press  Up  . . 28 

Steps  (High  Bench)  .......  7 

Squat  Jumps  .  10 

No  mention  was  made  of  a  control  group  or  of  statistical 
significance  of  the  findings.  A  question  arises  as  to  whether 
the  gains  indicated  are  due  to  the  treatment  or  due  to  develop¬ 
ment  factors. 

Circuit  Training  has  proven  to  be  effective  at  the 
university  level, 

Howell  _et_  aJ..  (51)  describe  an  experiment  with  Circuit 
Training  in  which  two  separate  groups  of  fourteen  university 
students  were  equated  on  the  basis  of  scores  on  the  Larson 
Strength  Test.  The  experimental  group  did  Circuit  Training 
thirty-five  minutes  twice  per  week  for  three  weeks.  The  con- 
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trol  group  took  part  in  the  regular  physical  education  class 
activities.  The  experimental  group  made  strength  gains  sig- 
nificant  at  the  one  percent  level.  The  control  group  made 
no  significant  gains.  The  experimental  group  was  significantly 
better  than  the  control  group  at  the  one  percent  level  of 
confidence , 

In  a  study  done  by  Monaghan  (67),  two  groups  of  twenty 
males  were  selected  randomly  from  university  freshmen.  The 
groups  were  tested  on  the  Navy  Standard  (Modified)  Physical 
Fitness  Test.  The  experimental  group  did  Circuit  Training 
twice  a  week  for  twenty-five  minutes,  the  control  group  part¬ 
icipated  in  the  regular  physical  education  program.  The 
experimental  group  showed  statistically  significant  gains  on 
all  test  items  at  the  one  per  cent  level  of  confidence.  The 
control  group  showed  gains  in  only  two  of  the  five  items  (sit- 
ups,  pull-ups)  at  the  one  per  cent  level  of  confidence.  The 
experimental  group  was  statistically  better  than  the  control 
group  on  all  but  two  of  the  five  items  (sit-ups,  push-ups). 

Watt  (93),  in  a  comparison  of  Circuit  Training  with 
another  developmental  course  found  that  statistically  sig¬ 
nificant  gains  in  physical  fitness  levels  can  be  achieved 
by  low-fitness  university  students  by  taking  part  in  either 
of  the  two  programs.  Exercise  sessions  were  conducted  two 
times  a  week  for  ten  to  twenty  minutes  a  session. 

Nunney  (71) ,  on  studying  the  effects  of  Circuit  Train¬ 
ing  on  various  swimming  items  during  a  six  week  training  period, 
concluded  that  there  was  no  significant  evidence  to  show  that 
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Circuit  Training,  which  included  exercises  with  weights,  was 
in  any  way  detrimental  to  swimming.  Also  the  gains  in  swim- 
ming  and  speed  made  by  the  Circuit  Training  group  suggest  the 
combination  is  beneficial. 

Adamson  (2)  studied  the  effects  of  Circuit  Training  on 
university  men.  He  stated: 

The  following  results  were  obtained  in  twenty  students 
attending  Circuit  Training  once  a  week  for  two  months. 
They  trained  at  half  effort  for  half -an-hour . 


Strength : 

Grip 

Increase  in  means  (%) 

8.1 

Push  and  Pull 

4.6 

Back 

9.3 

Muscular 

Endurance : 

Chins 

44.1 

Dips 

76.4 

Power : 

Sargent  Jump 

12.3 

General 

Endurance : 

Step  Test 

6.9 

In  this  study,  however,  no  mention  was  made  of  statist- 
ical  significance  or  of  the  use  of  a  control  group. 

In  three  studies  of  university  students,  Circuit  Train¬ 
ing's  value  was  not  so  clearly  evident. 

Howell,  Hodgson  and  Sorenson (52)  used  two  groups  of 
seventeen  subjects  enrolled  in  required  physical  education 
at  the  university  level.  They  were  equated  on  the  basis  of 
a  modified  Harvard  Step  Test.  The  experimental  group  partic¬ 
ipated  in  Circuit  Training  twice  a  week  for  four  weeks  at 
twenty-five  minutes  per  session.  At  the  conclusion  of  the 
experimental  period,  all  subjects  were  retested  on  the  Modified 
Harvard  Step  Test.  The  experimental  group  showed  a  statistically 
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significant  improvement,  whereas  the  control  group  did  not 
show  a  statistically  significant  improvement  over  the  four 
week  period.  However,  the  final  test  between  groups  showed 
no  significant  differences, 

Howell,  et_  al.  (51)  studied  two  groups  of  ten  univers  ity 
students  who  were  equated  on  the  basis  of  the  Rogers'  Strength 
Index  (Oregon  Simplification),  One  group  (experimental)  did 
Circuit  Training  twice  per  week  for  thirty-five  minutes  a 
session  for  six  weeks.  The  control  group  participated  in  the 
regular  class  activities  (badminton,  volleyball,  handball). 

The  experimental  group  made  strength  gains  significant  at  the 
one  per  cent  level.  The  control  group  made  gains  significant 
at  the  five  per  cent  level.  Here  again,  however,  the  differ¬ 
ence  between  the  final  means  of  the  groups  was  not  significant, 

Hodgson  (45)  studied  three  equated  groups  of  male  univer 
sity  students.  One  group  did  Circuit  Training  three  times 
per  week  ten  minutes  per  session  plus  participation  in  two 
regular  badminton  classes  less  ten  minutes  per  class.  Another 
group  did  isometeric  exercises  on  the  same  schedule,  A  third 
group  took  part  in  the  two  full  badminton  classes  per  week 
only.  The  experiment  lasted  five  weeks.  All  three  groups 
made  statistically  significant  improvements  in  treadmill  per¬ 
formance  times  but  the  circuit  group  and  the  isometeric  group 
were  not  significantly  different  from  the  control  group. 

One  study  has  shown  the  effectiveness  of  Circuit  Train¬ 
ing  on  adult  males  outside  the  university  student  population. 

Taylor  (84)  has  studied  the  effects  of  Circuit  Training 
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on  the  cardiovascular  and  muscular  status  of  business  men. 

Circuit  Training  was  shown  to  have  a  statistically  significant 
effect  on  the  results  of  the  Larson  Muscular  Strength  Test  and 
the  Harvard  Step  Test.  Circuit  Training  was  performed  twice 
weekly  for  six  weeks  at  forty-five  minutes  per  session.  A 
control  group  was  used  in  the  study. 

Summary  of  Literature  Reviewed  on  Circuit  Training. 

In  summary ,  Circuit  Training  was  shown  to  have  an  incon¬ 
clusive  effect  on  school  children  (4,  21),  but  to  be  effective 
in  some  applications  at  the  university  level  (2,  51,  67,  71,  93). 
In  other  applications  at  the  university  level  (45,  51,  52),  the 
effects  of  Circuit  Training  were  not  clearly  demonstrated. 

Circuit  Training  has  been  shown  effective  on  business  men  (84). 

Literature  on  the  Ast rand-Ryhminq  Test  for  the  Prediction  of 

Maximal  Oxygen  Intake. 

Many  exercise  physiologists  (12,  44,  69,  75,  88)  consider 
the  aerobic  capacity  (maximal  oxygen  consumption)  of  an  individ¬ 
ual  to  be  the  best  measure  of  physical  fitness  or  work  capacity. 
This  consideration  is  based  on  the  assumption  that  all  physical 
activity  is  eventually  paid  for  by  the  utilization  of  foodstuffs 
and  that  oxygen  is  an  essential  ingredient  in  this  process. 

Hettinger,  ejt  al.  (44),  in  agreeing  that  maximal  oxygen 
intake  is  probably  the  best  measure  of  physical  fitnefes,  pointed 
out  that  the  method  used  to  obtain  the  figure  is  time-consuming, 
requires  fairly  complicated  laboratory  procecures,  and  demands 
a  high  degree  of  cooperation  from  the  subject.  They  stressed 
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the  need  for  a  simple  work  capacity  test  based  on  observations 
during  submaximal  work. 

In  1954,  Astrand  and  Ryhming  (10)  introduced  a  nomogram 
from  which  maximal  oxygen  intake  could  be  predicted  from  a 
steady  state  pulse  rate  at  a  known  work  load.  This  device  is 
referred  to  in  several  manners  in  the  literature  including 
the  Astr and-Ryhming  submaximal  test,  and  more  completely  as 
the  Astr and-Ryhming  Test  for  the  Prediction  of  Maximal  Oxygen 
Intake . 

The  predictive  value  of  the  Astrand-Ryhming  nomogram 
is  based  on  the  assumption  that  the  heart  rate  and  oxygen  con¬ 
sumption  of  an  individual  are  directly  related  during  the 
performance  of  submaximal  work  (11,  18,  31,  37,  42,  44,  59, 

61,  63,  85,  91),  Astrand  (11)  warned,  however,  that  heart  rate 
gives  only  a  rough  conception  of  the  individual’s  aerobic 
capacity,  Wyndham  (98)  substantiated  Astrand' s  warning  by 
showing  that  a  direct  or  rectilinear  relationship  between  heart 
rate  and  oxygen  consumption  does  not  hold  at  higher  work  levels. 
He  suggested  that  the  nomogram  has  a  tendency  to  underestimate 
maximal  oxygen  intake.  Astrand  (6)  pointed  out  that  error  due 
to  any  tendency  of  the  nomogram  to  underestimate  was  included 
in  the  given  standard  error  of  less  than  ±10  per  cent. 

Validity  and  Reliability  of  the  Astrand-Ryhming  Nomogram. 

Several  studies  have  been  done  comparing  maximum  oxygen 
consumption  values  predicted  from  the  use  of  the  Astrand-Ryhming 
nomogram  with  those  actually  achieved  in  various  recognized 
tests  of  maximal  oxygen  consumption  (9,  10,  15,  35,  41,  44, 
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54,  80,  91) .  Results  of  these  studies  will  be  presented  below 
in  terms  of  per  cent  of  difference  for  mean  values  in  liters 
of  oxygen  consumed  at  a  maximal  rate  per  minute  or  as  co- 
efficients  of  the  correlation  of  means  achieved  by  the  same 
subjects  on  both  types  of  tests. 

Astrand  and  Ryhming  (10)  validated  the  predictive  capa¬ 
city  of  the  nomogram  from  results  obtained  from  twenty-seven 
male  and  thirty-one  female,  well-trained  subjects,  20  to  30 
years  of  age.  For  two-thirds  of  the  subjects  (standard 
deviation)  the  means  did  not  vary  more  than  6.7  per  cent  for 
males  and  9.4  per  cent  for  females.  With  lower  rates  of 
work  (600  Kpm./min.  for  females  and  900  Kpm./min.  for  males) 
the  variations  were  slightly  higher,  14.4  per  cent  for  females, 
and  10.4  per  cent  for  males.  In  addition,  eighteen  well-trained 
males  18  to  19  years  of  age  were  tested  and  the  standard  devia¬ 
tion  for  them  was  less  than  7  per  cent. 

Astrand  indicated  in  this  same  study  (10)  from  a  review 
of  the  findings  of  Wahlund  (91)  that  because  a  fairly  constant 
mechanical  efficiency  was  achieved  by  Wahlund' s  subjects 
working  on  a  bicycle  ergometer,  oxygen  intake  could  be  indirectly 
estimated  from  work  loads  within  a  range  of  ^8  per  cent  in 
two-thirds  of  the  cases. 

Hettinger,  et_  al.  (44)  used  twenty  eight  male  subjects 
20  to  30  years  of  age  and  found  the  mean  predicted  maximal 
oxygen  intake  values  about  9.7  per  cent  higher  than  the  actual 
mean  values  (2.62  l./min.  and  2.38  l./min.  respectively). 

The  difference  was  significant  at  the  .05  level  of  confidence. 


21 


Hettinger  felt  the  difference  might  be  accounted  for  because 
his  subjects  appeared  to  be  in  much  poorer  physical  condition 
than  those  used  by  Astrand  and  Ryhming  in  constructing  the 
nomogram.  However,  a  correlation  between  predicted  and  actual 
values  was  found  to  be  significant  at  the  ,01  level  of  con¬ 
fidence  , 

In  a  group  of  nine  Y.M.C.A.  trained  men,  age  56  to  68 
years,  Astrand  and  Rodahl  (9)  predicted  a  maximal  oxygen  intake 
of  three  per  cent  above  actual  values  (2,77  1,/min,  predicted 
and  2,241  l./min.  actual).  In  twenty-two  well-trained  men,  aged 
23  to  48  years,  a  difference  between  mean  predicted  maximal 
oxygen  uptake  values  (2.72  1,/min.)  and  actual  mean  values 
(2.76  1,/min.)  was  only  1  per  cnet . 

Rowell,  ejt  aJL.  (80),  in  predicting  aerobic  capacity 
from  the  Astrand-Ryhming  Nomogram  and  comparing  results  with 
actual  maximal  oxygen  consumption  values,  found  under-predictions 
by  the  nomogram  of  actual  values.  In  each  of  their  cases  the 
under  -prediction  was  from  5.6  t  4.2  per  cent  of  actual  maximal 
volumes  of  oxygen  for  endurance  athletes  through  26,8  t  7,2 
per  cent  for  a  sedentary  group  to  13.7  per  cent  in  the  same 
sedentary  group  after  a  conditioning  program.  These  results 
show  a  marked  trend  toward  improved  prediction  with  increased 
physical  conditioning. 

DeVries  and  Klafs  (35)  studied  a  variety  of  predictive 
maximal  oxygen  intake  tests  on  a  bicycle  ergometer.  They  com¬ 
pared  predicted  and  actual  values  and  found  a  correlation  of 
0,736  with  the  Astrand-Ryhming  Nomogram  when  the  units  were 
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liters  per  minute*  The  Sjostrand  Predictive  Test  in  terms  of 
Kpm./min  .’/Kg .  body  weight  gave  a  correlation  of  0.877,  The 
authors  concluded,  since  the  nomogram  required  only  one  work 
load,  that  no  advantage  was  gained  in  using  the  Sjostrand  Test, 

Baycroft  (15),  using  forty-eight  male  subjects  between 
the  ages  of  17  and  35  years,  in  comparisons  of  the  Astrand- 
Ryhming  nonogram  found  correlations  of  0,67  with  the  Mitchell, 
Sproule  and  Chapman  (66)  measured  values  and  0.62  with  the 
Astrand  Bicycle  Test  of  actual  maximal  oxygen  consumption  (11). 
Values  were  computed  in  maximal  number  of  liters  consumed  per 
minute.  When  values  were  considered  in  milliliters  per  minute 
per  kilogram  of  body  weight  the  correlations  dropped  to  0.53 
and  0.47  respectively, 

Glassford  (41)  compared  the  Astrand-Ryhming  nomogram  to 
three  direct  or  actual  maximal  oxygen  intake  tests.  He  found 
correlations  of  0.77,  0.62,  and  0,63  when  readings  were  made 
in  ml. /min, /Kg,  of  body  weight  and  respective  correlations  of 
0,78,  0,72,  and  0.65  when  readings  were  made  in  liters  per 
minute.  He  also  found  that  the  relationship  between  the  nomo¬ 
gram  values  and  any  one  set  of  values  determined  by  a  direct 
technique  was  as  good  as  the  relationship  between  the  values 
of  any  two  direct  measures. 

Hyde  (54)  studied  twenty-nine  male  and  twenty-seven 
female  secondary  school  pupils  to  check  the  Astrand-Ryhming 
nomogram's  validity  compared  to  the  Astrand  (7,  9,  11)  actual 
test  of  maximal  oxygen  intake.  The  performance  of  sexes  was 
compared  separately  according  to  three  conditions  (54;49): 
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(I)  the  results  from  the  actual  (maximal)  test  were 
compared  to  the  results  of  the  predicted  (submaximal) 
test  when  the  predicted  values  were  taken  from  the  sub- 
maximal  test  which  was  held  on  a  separate  day  from  the 
actual  test, 

(II)  the  results  from  the  actual  test  were  compared 
to  the  results  from  the  predicted  test  when  the  predicted 
values  were  taken  from  the  first  work  level  of  the  maximal 
test , 

(III)  the  results  from  the  actual  test  were  compared 
to  the  results  from  the  predicted  test  when  the  predicted 
values  were  taken  from  the  second  predicted  test  regard¬ 
less  of  whether  the  predicted  value  came  from  the  sub- 
maximal  test  or  the  first  work  level  of  the  maximal  test. 

Results  from  each  condition  were  given  in  liters  per 
minute  and  in  ml. /min. /kg.  Correlations  done  on  values  expressed 
in  liters  per  minute  were  significant  for  all  conditions  for 
both  sexes  except  for  females  on  condition  (III),  Correlations 
expressed  in  ml. /min. /kg.  were  significant  for  all  conditions 
for  males  but  for  females  only  condition  (II)  proved  signif¬ 
icant,  Only  condition  (I)  proved  significantly  different  from 
zero  at  the  ,01  level  of  confidence  for  both  males  and  females. 
Correlations  were  0,62  and  0.53  respectively.  The  tendency 
to  achieve  higher  correlations  when  values  are  expressed  in 
liters  per  minute  compared  to  ml. /min. /kg.  agrees  with  the 
findings  of  Glassford  (41) . 

Hyde  (54:65)  also  found  that  the  nomogram  has  a  tendency 
to  underestimate  the  maximal  oxygen  consumption  of  secondary 
school  males  and  females.  The  mean  predicted  values  for  males 
in  liters  per  minute  were  significantly  different  at  the  ,01 
level  of  confidence  from  actual  values  on  all  three  conditions 
listed  above.  For  females,  however,  mean  predicted  values 
under  conditions  (I)  and  (II)  are  not  significantly  different. 

Hyde  pointed  out,  however,  that  the  underestimation  is 
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greatly  decreased  when  one  employs  the  correction  factor  for 
15  year  olds  recently  introduced  by  Astrand  (14) .  He  concluded 
that  the  test  does  differentiate  between  sexes  and  therefore 
can  distinguish  between  high  and  low  values  of  maximal  oxygen 
consumption.  This  being  the  case,  Hyde  indicated  that  the 
nomogram  may  differentiate  between  well  trained  and  less  active 
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individuals  even  though  it  may  not  be  able  to  distinguish 
between  the  aerobic  capacities  of  individuals  who  are  in 
approximately  the  same  state  of  training. 

Larsson,  et  aX„  (62)  compared  the  work  capacity  of  six 
diabetic  boys  interested  in  sports  with  six  non-diabetic  boys 
of  the  same  age  and  interests  as  the  diabetics.  The  measured 
values  for  the  maximal  oxygen  uptake  were  on  the  average  0.2 
liters  per  minute  higher  than  the  values  calculated  from  the 
Astrand-Ryhming  nomogram.  The  calculated  values  were  7.9  per 
cent  lower,  but  this  difference  was  not  significant.  They 
concluded  that  the  agreement  between  the  measured  oxygen  capa¬ 
city  and  that  calculated  from  the  heart  rate  demonstrated 
that  the  Astrand-Ryhming  nomogram  was  applicable  to  adolescents, 
diabetics,  and  non-diabetics,  as  well  as  the  20  to  30  year  old 
subjects  for  whom  it  was  originally  constructed.  Nor,  they 
concluded,  was  a  correction  factor  necessary  for  the  adolescent 
age  groups  as  for  individuals  above  30  years  of  age* 

Norman  (70)  evaluated  twenty-three  males  and  twenty- 
three  females  aged  14  to  18  years  on  two  different  days  using 
the  Astrand  predictive  test.  Reliability  coefficients  in  liters 
of  oxygen  consumed  per  minute  were  0.84  for  males  and  0.71  for 
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females „  When  predicted  maximal  oxygen  intake  was  expressed 
in  kilograms  of  body  weight,  the  coefficient  remained  at  0.84 
for  males  but  dropped  to  0.53  for  females.  He  concluded  the 
coefficients  were  adequate  to  permit  the  detection  of  individ- 
ual  differences  when  expressed  in  liters  of  oxygen  per  minute. 

Factors  that  Influence  Maximal  and  Submaximal  Oxygen  Intake. 

Certain  factors  appear  to  have  an  influence  on  the  valid- 
ity  and  reliability  of  tests  used  to  predict  or  assess  maximal 
oxygen  intake.  These  include  temperature  of  the  test  room, 
fatigue  of  the  subject,  food  ingested  by  the  subject,  emotional 
state,  and  body  dimensions  of  the  subject,  mechanical  efficiency 
of  the  subject  in  performing  test  work,  presence  or  lack  of 
a  warm-up  session,  sex  and  age  of  the  subject  and  the  physical 
condition  or  trained  state  of  the  subject. 

Temperature .  Williams,  _et  a_l.  (96)  reported  that  a  hot 
environment  will  increase  the  pulse  rate  for  a  given  submaximal 
oxygen  consumption  but  that  maximum  pulse  rates  are  not  altered. 
Rowell,  et,  al..  (cited  in  88),  using  unacclimatized  subjects, 
reported  that  in  a  hot  environment  maximal  pulse  rate  was 
reached  at  a  lower  workload  and  that  oxygen  intake  could  in- 
crease  as  much  as  two  liters  per  minute  after  this  maximal 
pulse  rate  had  been  reached.  Williams,  et_  al.  (96)  attributed 
this  largely  to  individual  adaptation  to  heat,  and  suggested 
that  if  all  experiments  were  conducted  in  an  ambient  tempera¬ 
ture  of  about  65  degrees  Fahrenheit  these  inter -individual 
effects  would  be  minimized.  Taylor,  et_  al.,  (87)  found  that 
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room  temperature  was  an  important  consideration  in  standardiza- 
tion  of  experimental  conditions.  They  recommended  a  room  temp- 
erature  of  78  t  4  degrees  Fahrenheit  as  did  Erickson,  ejt  al . 

(37),  and  Buskirk,  jet  _al.  (22). 

Fatigue .  Lundgren  (63)  found  that  a  day's  work  of  eight 
hours  in  a  lumber  camp  raised  pulse  rate  and  lowered  oxygen 
consumption  determined  from  submaximal  work  levels.  He  found 
that  walking  seven  kilometers  did  not  affect  the  pulse-rate  per 
work-rate  relationship  but  that  walking  15  kilometers  did. 

Food  Ingestion.  Taylor,  et  al.  (88)  stated  that  even 
though  we  know  that  pulse  rate  and  cardiac  output  are  affected 
by  food  ingestion,  not  enough  information  is  available  to  extrap¬ 
olate  to  maximal  levels.  Lundgren  (63)  has  found  that  breakfast 
increases  pulse  rate. 

Emotion.  Norman  (70)  felt  that  one  of  the  major  problems 
involved  in  the  application  of  the  Astrand-Ryhming  nomogram  in 
field  studies  was  the  apprehension  that  most  subjects  felt 
because  of  unfamiliarity  with  the  test  or  what  may  be  expected 
of  them  in  its  performance. 

Taylor,  jet  al.  (88)  state: 

It  is  evident  that  the  initial  contact  with  a  work  test 
can  result  in  significant  increases  in  submaximal  work 
pulse  rate. . .  It  is  clear  that  the  submaximal  pulse-rate 
work-rate  relationship  can  be  displaced  to  the  left  without 
an  important  rise  in  the  maximal  pulse  rate. 

Bengtsson  (16)  felt  that  apprehension's  effects  would  be 
less  marked  during  continuous  and  heavy  work.  Others  (66,  83) 
thought  that  at  submaximal  work  loads  it  was  questionable  whether 
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the  mental  factor  had  an  effect. 

Astrand  (8)  asserted  that  the  heart  rate  and  related 
functions  of  importance  for  the  oxygen  uptake  and  transport 
are  definitely  regulated  within  very  narrow  limits  determined 
by  the  work  output  and  fitness  of  the  subject  and  are  quite 
resistant  to  changes  in  the  mental  state  of  the  subject. 

Rowell,  et_  al.  (80)  substantiated  Taylor’s  statement 
above  (88)  from  experiments  using  the  Ast rand-Ryhming  nomogram 
in  comparing  tests  with  and  without  a  tension  producing  factor 
(catheters  inserted  into  the  brachial  arteries  of  subjects). 

In  the  tension  producing  situation  there  was  a  6  per  cent  greater 
underestimation  of  maximal  oxygen  intake. 

It  would  appear ,  then,  that,  although  not  conclusively 
substantiated ,  there  is  a  possibility  that  pre-test  apprehen¬ 
sion  may  influence  predictive  test  results. 

Erickson,  e_t  aJL.  (37)  stated  that  oxygen  consumption 
measured  a  second  time  on  a  treadmill  gave  a  valid  figure 
which  did  not  change  with  additional  experience.  This  may 
indicate  that  it  is  possible  to  overcome  the  effects  of  appre¬ 
hension  on  predictive  test  results  when  the  subject  becomes 
more  familiar  with  the  test  proceedings. 

Mechanical  Efficiency.  If  a  test  is  going  to  be  exactly 
reproducible,  the  mechanical  efficiency  of  the  subject  on  the 
test  device  must  be  kept  constant.  Wahlund  (cited  in  12) 
found  a  fairly  constant  mechanical  efficiency  on  the  bicycle 
ergometer,  but  Krogh  and  Lindhard  (60)  reported  that  subjects 
in  areas  where  bicycle  riding  is  not  popular  may  show  substan- 
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tial  changes  in  mechanical  efficiency  with  practice.  Knehr , 
et  al .  (58)  found  that  repeated  bouts  of  work  on  the  bicycle 

resulted  in  substantial  a  change  in  mechanical  efficiency. 

Taylor  (88)  and  Astrand  (12)  also  agreed  that  mechanical  effic¬ 
iency  could  increase  with  practice  or  training.  However,  Rodahl, 
et  al .  (76)  reported  no  statistically  significant  difference 

between  the  mechanical  efficiency  of  nineteen  Stockholm  boys 
as  compared  to  eighteen  Philadelphia  boys  14  years  of  age, 

Norman  (70)  in  a  study  of  415  secondary  school  girls 
and  500  secondary  school  boys  found  the  female  bicycle  riders 
had  higher  aerobic  capacities  than  female  non-bicycle  riders 
but  for  males  this  was  not  the  case.  The  male  non-bicycle 
riders  were  significantly  higher  in  maximal  volumes  of  oxygen 
in  liters  per  minute  and  greater  in  body  weight  than  the 
bicycle  riders.  However,  when  body  weight  was  considered  in 
expressing  the  predicted  maximal  oxygen  intakes  for  boys,  the 
mean  value  for  non-bicycle  riders  fell  below  that  of  the 
bicycle  riders  although  the  difference  was  not  now  significant. 

There  appears,  then,  to  be  some  question  as  to  the  util¬ 
ity  of  the  bicycle  ergometer  in  this  regard.  This  problem  may 
be  alleviated  somewhat  should  subjects  have  opportunity  to 
familiarize  themselves  with  the  testing  device.  One  might  spec¬ 
ulate  that  young  people,  more  used  to  riding  bicycles,  may 
have  greater  mechanical  efficiency  on  a  bicycle  ergometer  than 
older  people. 

Age.  Variations  in  maximal  oxygen  consumption  between 
individuals  are  reduced  with  a  reduction  of  the  age  of  the 
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individuals  (13,  77,  79).  Increasing  age  is  reported  to  cause 
a  decrease  in  the  aerobic  capacity  of  an  individual  after  age 
twenty  to  thirty  (6,  77).  Wyndham  and  Ward  (97)  postulated 
that  this  reduction  in  aerobic  capacity  might  have  been  a  result 
of  decreased  pulmonary-arterial  diffusion. 

Sex.  Several  studies  (11,  16,  65)  show  that  the  phys¬ 
ical  work  capacity  or  maximal  oxygen  consumption  of  females 
beyond  the  age  of  puberty  (about  14  years)  is  markedly  lower 
than  that  for  males.  The  aerobic  capacity  of  females  is  also 
lower  than  males  for  younger  age  groups,  but  the  difference 
is  not  as  pronounced  (1,  11,  16). 

Body  Dimension.  Body  weight  has  been  shown  to  be  related 
to  maximal  oxygen  consumption  by  Robinson,  et  al.  (77,  79), 
Wyndham,  jBt  jal.  (98),  Buskirk  (23),  Buskirk  and  Taylor  (22), 
Coyne  (29),  Welch,  e_t  aJL.  (94),  and  others  (11,  35,  88). 

Taylor  (86)  showed  that  in  submaximal  exercise  the 
correlation  between  oxygen  consumption  and  weight  was  0.71 
and  for  maximal  work  efforts  0.43.  This  indicates  that  in 
submaximal  work,  oxygen  consumption  was  chiefly  a  function  of 
body  weight  and  only  slightly  related  to  fitness  (r=~0.20) 
but  in  maximal  work  the  relation  with  weight  dropped  markedly 
and  the  correlation  with  the  fitness  criterion  rose  consider¬ 
ably. 

Norman  (70),  in  his  study  of  417  secondary  school  girls 
and  500  secondary  school  boys,  concluded  that  the  commonly 
used  procedure  of  equating  subjects  by  dividing  maximal  oxygen 
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values  by  their  body  weight  over compensated  for  the  influence 
body  weight  has  on  these  values  for  this  age  group  (15  to  19 
years ) » 

He  also  concluded  that  because  of  the  close  relation¬ 
ship  between  height  and  weight  in  this  age  group  it  was  not 
meaningful  to  express  maximal  oxygen  intake  per  unit  of  height 
or  per  unit  of  body  surface  if  surface  area  was  calculated  as 
a  function  of  height  and  weight. 

Training .  Norman  (70)  stated  that  the  Astrand  predictive 
test  distinguished  between  ’’highly  act ive” , ’’moderately  active” 
and  ’’not  active”  individuals  when  values  were  expressed  in 
relation  to  the  body  weights  of  the  secondary  school  boys  and 
girls  tested,  Knehr ,  et_  al.  (58)  found  a  7  per  cent  increase 
in  maximal  oxygen  intake  for  fourteen  men  studied  over  a  per¬ 
iod  of  six  months  of  training.  Robinson  (78)  found  training 
increased  maximal  oxygen  consumption  by  16  per  cent.  Karpovich 
(57)  reported  that  an  untrained  man  may  have  a  maximal  oxygen 
consumption  of  two  liters  per  minute  and  a  trained  athlete  may 
double  this  amount.  Buskirk  and  Taylor  (22)  and  Dempsey  (34) 
found  higher  maximal  oxygen  intakes  in  individuals  undergoing 
regular  physical  exercise. 

Summary  of  Literature  Reviewed  on  the  Astrand-Ryhminq  Nomogram. 

To  summarize,  many  exercise  physiologists  consider  the 
maximal  oxygen  consumption  of  an  individual  the  best  measure 
of  physical  fitness  or  work  capacity  (12,  44,  69,  75,  88). 

Direct  maximal  oxygen  consumption  is  difficult  to  measure  (44). 
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Astrand  and  Ryhming  (10)  have  constructed  a  nomogram  for  the 
prediction  of  maximal  oxygen  consumption.  The  test  is  rela¬ 
tively  simple  to  administer.  The  predictive  value  of  the  nomo¬ 
gram  is  based  on  the  assumption  that  heart  rate  and  oxygen 
consumption  are  directly  related  during  the  performance  of 
submaximal  work  (11,  18,  31,  37,  42,  44,  59,  61,  63,  85,  91). 

Several  authors  have  found  the  nomogram  overestimates 
maximal  oxygen  consumption  (9,  44),  others  have  found  it  under¬ 
estimates  maximal  oxygen  consumption  (54,  62,  80,  98).  Three 
studies  have  found  positive  correlations,  significantly  dif¬ 
ferent  from  zero,  between  the  nomogram  and  various  actual  tests 
of  maximal  oxygen  consumption  (15,  41,  54).  One  study  found 
that  the  relationship  between  the  nomogram  values  and  any  one 
set  of  values  determined  by  a  direct  technique  was  as  good  as 
the  relationships  between  the  values  of  any  two  direct  measures 
(41),  The  predictive  method  was  found  to  be  more  reliable 
when  values  were  expressed  in  liters  per  minute  (males  - 
r  =  0.84,  females  -  r  =  0,71)  than  in  milliliters  per  kilogram 
of  body  weight  (r  =  0,84  and  0.53)  (70). 

Certain  factors  appear  to  have  an  influence  on  the 
validity  and  reliability  of  tests  used  to  predict  or  assess 
maximal  oxygen  intake.  The  temperature  must  be  constant  and 
within  the  range  of  65  to  82  degrees  Fahrenheit  (22,  37,  87, 
96).  Fatigue  can  lower  predicted  values  (63),  as  can  inges¬ 
tion  of  food  (63,  88),  Emotional  apprehension  may  lower 
predicted  maximal  oxygen  consumption  values  (70,  80,  88), 
although  some  authors  disagree  (8,  66,  83).  Familiarity  with 
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the  test  procedure  may  reduce  apprehension  (37,  70).  Certain 
authorities  imply  that  mechanical  efficiency  on  a  bicycle 
ergometer  is  constant  enough  not  to  influence  results  (12,  76). 
Others  feel  the  results  may  be  influenced,  particularly  if 
subjects  are  unfamiliar  with  bicycle  riding  (58,  88). 

In  young  people,  more  familiar  with  bicycle  riding, 
the  results  do  not  appear  to  be  as  greatly  influenced  by  the 
result  of  learning  on  the  bicycle  ergometer  (70,  76). 

Sex  (11,  16,  65)  and  age  (13,  77,  79)  must  be  considered 
in  equating  groups  when  comparing  results  from  the  predicted 
test . 

Body  weight  has  been  shown  to  be  related  to  maximal 
oxygen  consumption  (11,  22,  23,  29,  35,  77,  79,  88,  94,  98). 

One  study  concluded  that  the  commonly  used  procedure  of  equat¬ 
ing  subjects  by  dividing  maximal  oxygen  values  by  their  body 
weight  over -compensated  for  the  influence  body  weight  has  on 
values  for  fifteen  to  nineteen  year  olds  (70). 

Training  increased  maximal  oxygen  consumption  (22,  34, 
57,  58,  78).  In  particular,  one  study  found  that  the  Astrand 
predictive  test  distinguished  between  ’’highly  active”,  ’’moder¬ 
ately  active”  and  ’’not  active”  individuals  when  values  were 
expressed  in  relation  to  the  body  weights  of  the  secondary 
school  boys  and  girls  tested  (70). 

Literature  Related  to  the  Testing  of  Strength. 

In  this  study,  strength  was  defined  as  the  capacity  of 
a  subject  to  apply  a  recordable  force  to  an  instrument,  through 
the  use  of  an  isometric  contraction  developed  by  one  or  more 
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muscle  groups  of  the  body  (5324).  The  instruments  used  were 
the  same  as  those  used  by  Howell,  jet  ajL.  (53)  in  their  study 
of  Edmonton  school  children, 

Howell  -  Loiselle  -  Lucas  Strength  Testing  Method 
Reliability  Checks.  In  the  study  carried  out  by  Howell,  et_  al . 
(53) ,  individuals  were  given  three  trials  on  each  of  the  tests 
used.  It  was  decided  to  check  the  reliability/  of  the  tests 
from  the  results  of  the  first  and  second  trials  for  each  test. 
The  results  of  the  reliability  checks,  presenting  ages,  num- 
bers  of  subjects  and  sexes,  are  given  in  Tables  I  and  II  (532 
71,  72).  Reliability  is  noted  to  be  high  on  these  checks, 
ranging  from  0,64  to  0.97, 

TABLE  I 

TEST  RETEST  RELIABILITY  COEFFICIENTS  FOR  FEMALES 


Age 

7 

8 

9 

10 

11 

12 

13 

14 

15 

No.  of  Subjects 

36 

43 

45 

46 

43 

41 

32 

32 

30 

Grip-Right 

0.80 

0.82 

0.84 

0,78 

0.81 

0.87 

0.94 

0,79 

0.90 

Grip-Left 

0.80 

0,96 

0,87 

0.84 

0.77 

0.91 

0.85 

0.83 

0.85 

Elbow  Flexion 

0.  90 

0.70 

0.91 

0.90 

0.92 

0.94 

0.93 

0.94 

0.90 

Elbow  Extension 

0.83 

0.81 

0,93 

0.92 

0.95 

0.  97 

0.92 

0,89 

0,88 

Knee  Extension 

0.89 

0.89 

0.87 

0.86 

0.93 

0,86 

0.86 

0.82 

0.93 

Leg  Lift 

0.92 

0.88 

0.91 

0.88 

0.92 

0.  95 

0.91 

0.93 

0.93 

Back  Lift 

0.88 

0,93 

0.93 

0.83 

0.90 

0.94 

0.87 

0.85 

0.79 

jbo 
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TABLE  II 

TEST  RETEST  RELIABILITY  COEFFICIENTS  FOR  MALES 


Age 

7 

8 

9 

10 

11 

12 

13 

14 

15 

No,  of  Subjects 

43 

40 

33 

40 

48 

36 

37 

31 

33 

Grip-Right 

0.73 

0.81 

0.83 

0.95 

0.90 

0.89 

0.97 

0.81 

0.94 

Gr ip-Left 

0.86 

0.87 

0.92 

0.90 

0.95 

0.94 

0.90 

0.78 

0.89 

Elbow  Flexion 

0.86 

0.88 

0.91 

0.94 

0.87 

0.91 

0.93 

0.87 

0.94 

Elbow  Extension 

0.88 

0.90 

0,93 

0.91 

0.95 

0,98 

0,89 

0.95 

0,97 

Knee  Extension 

0.85 

0.82 

0.74 

0,86 

0.88 

0.88 

0.94 

0.98 

00 

« 

o 

Leg  Lift 

0.87 

0.88 

0.89 

0.64 

0.87 

0.93 

0.92 

0.91 

0.93 

Back  Lift 

0.59 

0.91 

0.84 

0.88 

0.79 

0,91 

0.94 

0.81 

0.94 

The  second  type  of  reliability  coefficient  appears  in 
Table  III  (53s 72).  These  reliabilities  were  computed  from 
subjects  who  were  given  a  complete  retest.  The  mean  test- 
retest  interval  was  20° 15  days  and  the  range  was  7  to  22  days. 

The  mean  age  of  the  group  was  176.9  months.  Picked  at  random, 
they  included  some  subjects  fourteen  years  and  some  fifteen 
years  of  age.  Females  and  males  were  included.  The  coefficients 
ranged  from  0.81  to  0.96,  It  was  concluded  that  the  test  pro¬ 
cedures  were  highly  reliable  (53s 156), 
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TABLE  III 

TEST-RETEST  RELIABILITY  COEFFICIENTS 


Grip- 

Grip- 

Elbow 

Elbow 

Knee 

Leg 

Back 

Right 

Left 

Flexion 

Extension 

Extension 

Lift 

Lift 

0.91 

0.95 

0.96 

0.84 

0,90 

0.81 

0.92 

N  =  23 

N  b  23 

N  =  21 

N  =  21 

N  =  21 

N  =  21 

N  =  20 

Literature  Related  to  Strength  Characteristics  of  School  Aged 

Boys  and  Girls, 

Espenschade  (38),  in  1947,  using  longitudinal  and  cross- 
sectional  data,  found  only  slight  sex  differences  existed  in 
strength  before  the  age  of  13.8  years,  with  boys  excelling 
after  this  time. 

Jones  (56)  compared  strength  measures  of  girls  in  the 
pre-*menar cheal  state  of  development  to  girls  of  the  same  age 
in  the  post -menar cheal  state  and  found  the  latter  to  be  stronger. 
He  concluded  that  strength  was  more  closely  related  to  physio¬ 
logical  age  than  to  chronological  age. 

Jones  (55)  reported  on  the  California  Adolescent  Growth 
Study  in  1949.  He  found  that  until  age  thirteen  males  were 
about  8.8  pounds  stronger  than  girls.  The  largest  gain  in 
right  grip  among  males  occurred  between  14.5  and  15.0  years, 
and  among  females  between  12.0  and  12.5  years. 

From  strength  results  obtained  from  a  large  sample  group 
of  nine  to  seventeen  year  old  boys,  Bookwalter  (19)  found  a 
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slight  strength  progression  from  nine  to  fourteen  years.  Pro¬ 
gress  was  accelerated  from  fourteen  to  seventeen  years.  He 
found  right  grip  strength  to  be  consistently  greater  than  left 
grip  strength  although  handedness  was  not  known. 

In  a  large  sample  in  Ceylon,  Cullumbine,  jet  al.  (30) 
found  female  grip  strength  to  be  inferior  to  male  grip  strength, 

Phillips  (73)  found  the  grip  strength  of  boys  to  be 
significantly  greater  than  that  of  girls  of  the  same  age. 

Using  a  sample  of  five  thousand,  Hall  (43)  found  boys 
and  girls  at  age  ten  to  have  similar  strength  scores.  At 
age  nineteen  the  average  for  boys  on  arm  pull  was  326  pounds, 
while  girls  averaged  only  194  pounds.  The  largest  increase 
occurred  earlier  for  girls  (11,25  to  13.9  years)  than  for  boys 
(13.75  to  16.25  years). 

Buxton  (24)  confirmed  Hall’s  (43)  results  on  measures 
of  leg  strength.  Boys  and  girls  were  similar  at  age  ten  with 
rapid  gains  for  girls  around  eleven  years  and  boys  making  rapid 
gains  between  thirteen  and  fifteen  years. 

With  a  male  sample  aged  nine  to  fourteen,  Clarke  and 
Carter  (27)  found  a  right  and  left  grip  strength  correlation 
of  0,72  to  0,87  in  range. 

Torpey  (89)  found  right  knee  extension  scores  by  the 
cable  tension  method  to  be  higher  for  males  than  females  from 
grades  one  through  to  six. 

Fleishman  (40),  working  with  large  sample  groups,  found 
that  girls  aged  fifteen  had  hand  grip  strength  12  pounds 
greater  on  the  average  than  fourteen  year  olds.  For  boys  large 
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mean  differences  occurred  between  ages  thirteen,  fourteen  and 
sixteen  years. 

One  of  the  findings  of  Howell,  ert  al0  (53:156,  157),  was 
that  boys  and  girls  differed  significantly  on  all  of  the  ten 
measurements  employed  (including  grip,  arm,  back  and  leg  strength 
tests)  except  for  leg  extension  and  leg  lift  at  ages  eight,  and 
nine.  Boys  and  girls  differed  significantly  on  all  measures 
taken  without  exception  at  ages  fourteen  and  fifteen,  boys  being 
stronger.  At  ages  eleven  and  twelve  years,  and  to  a  lesser 
extent  at  ages  ten  and  thirteen,  there  were  little  or  no  sex 
differences  occurring  for  strength  measures  used  in  the  study. 

Summary  of  the  Literature  Reviewed  on  Strength. 

To  sum  up,  strength  was  defined  according  to  the  amount 
of  force  recorded  on  an  instrument  (53).  The  reliability  of 
strength  measures  used  in  this  study  was  checked  by  Howell, 
Loiselle  and  Lucas  and  found  to  be  highly  reliable  (53:152), 

Many  studies  have  shown  that  school  aged  boys  are  gen¬ 
erally  as  strong  as  or  stronger  than  school  aged  girls  (24, 

30,  38,  43,  55,  73,  89),  From  the  onset  of  puberty  onward, 
boys  appear  to  gain  strength  more  readily  and  to  a  greater 
extent  than  do  girls  (24,  30,  38,  43,  53,  55),  Girls  were 
usually  found  to  reach  puberty  and  to  make  rapid  strength 
gains  at  an  earlier  age  than  boys  (between  eleven  and  thir¬ 
teen  years  for  girls  and  thirteen  to  fifteen  years  for  boys) 

(24,  30,  43,  53,  55).  Girls  were  found  to  be  stronger  after 
puberty  than  before  (55) , 
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CHAPTER  III 


METHODS  AND  PROCEDURE 


The  Circuits, 

Three  types  of  Circuit  Training  were  employed  in  the 
study.  The  students  in  the  experimental  groups  performed  the 
circuits  in  rotation  with  a  different  circuit  done  each  day 
for  three  days  when  the  cycle  would  then  be  repeated.  This 
routine  was  followed  throughout  the  experimental  period.  A 
variety  of  circuits  was  employed  in  an  effort  to  reduce  boredom 
and  keep  interest  high.  Each  circuit  consisted  of  six  stations 
and  an  additional  supplementary  station  making  seven  stations 
per  circuit  in  all. 

The  regular  circuit  consisted  of  the  following  isotonic 
exercises:  chins,  knee  bends,  push-ups,  bench  jumps 

and  skips.  The  supplementary  station  was  the  "Matterhorn", 
a  peg  board  used  for  climbing.  A  description  of  each  circuit 
and  its  administration  is  given  in  Appendix  D. 

The  weight  circuit  was  performed  around  a  moveable 
weight  storage  cart  in  the  gymnasium  center.  Exercises  included 
two  arm  curls,  bench  presses,  squats  or  knee  bends,  bench 
jumps,  two  arm  presses  and  dumbell  swings.  The  "Matterhorn" 
was  supplemental.  All  exercises  required  the  use  of  weights. 

The  endurance  circuit  involved  the  running  of  laps 
around  the  perimeter  of  the  gymnasium  floor.  A  station  on 
this  circuit  was  defined  as  two  laps.  A  circuit  consisted 
of  six  stations  or  twelve  laps.  Completion  of  two  circuits 
was  roughly  equivalent  to  running  one  mile.  The  supplemental 
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station  on  the  endurance  circuit  was  also  the  climbing  of  the 
peg  board  "Matterhorn”, 

Class  Routines  and  the  Set  Piece  Method, 

Class  routines  for  experimental  classes  (groups)  and 
control  classes  (groups)  were  similar  except  that  control 
classes  had  ten  minutes  of  Structured  Play  to  apply  skills 
being  learned,  whereas  experimental  classes  had  Circuit  Train¬ 
ing.  Classes  were  forty  minutes  in  length. 

The  experimental  classes  were  organized  in  what  shall 
be  referred  to  as  the  "set.  piece  method”  of  organization.  A 
set  time  of  twenty  minutes  was  allotted  for  the  recurring 
routine  activities  of  changing  costume,  Circuit  Training,  and 
the  taking  of  notes. 

In  order  to  compensate  for  the  variable  of  time  used 
by  each  student  to  accomplish  these  tasks,  the  third  circuit 
was  used  as  a  "buffer”  activity.  That  is,  after  note  taking, 
faster  students  had  time  for  all  or  part  of  a  third  circuit, 
while  slower  students  would  be  able  to  do  two  circuits  only 
before  copying  notes.  If  slower  students  were  not  able  to 
finish  copying  notes,  the  final  required  routine  activity, 
before  the  twenty  minute  set  piece  of  the  class  concluded, 
a  record  was  made  of  the  fact  by  the  teacher.  Such  students 
were  required  to  present  the  completed  work  at  a  later  date 
or  suffer  a  reduction  in  their  mark. 

The  remaining  class  time  (twenty  minutes)  was  devoted 
to  discussion  of  the  notes  (five  minutes),  and  to  the  assimila 
tion  and  practice  of  skills  (fifteen  minutes).  When  the  skill 
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level  achieved  was  satisfactory  in  a  specific  activity,  Struc- 
tured  Play  in  the  activity  was  substituted  for  practice. 

The  control  classes  used  a  modified  "set  piece"  method 
of  organization.  The  set  piece  was  shortened  to  ten  minutes 
and  included  only  changing  and  note  taking.  The  "buffer" 
activity  for  those  who  finished  the  routine  activities  under 
ten  minutes  was  shooting  free  throws  in  basketball.  This 
activity  was  selected  even  though  it  did  not  always  correlate 
with  the  activity  under  study  because  it  was  universally  pop¬ 
ular,  it  required  little  direct  supervision,  it  was  relatively 
safe,  it  occupied  a  definite  and  limited  space,  achievement 
was  easily  measured  and  no  day  to  day  instructions  were  needed 
to  ensure  the  continuity  of  the  system. 

Following  the  set  piece  of  each  control  class,  various 
skills  were  taught  and  practiced.  Fifteen  minutes  were  used 
for  this  function.  Finally,  the  last  ten  minutes  of  each  class 
were  used  for  Structured  Play  purposes.  When  skill  level  became 
sufficiently  high,  Structured  Play  situations  were  employed 
for  the  final  thirty  minutes  of  the  class  period  for  several 
days  to  culminate  the  specific  unit  of  study. 

Both  experimental  and  control  classes  had  the  same  set 
of  notes  given  them  in  each,  grade  and  were  taught  the  same 
skills  on  the  same  days.  The  only  planned-for  difference  was 
that  the  experimental  group  did  Circuit  Training  while  the 
control  group  did  Structured  Play. 

Motivation  on  the  Circuit. 


Day  to  day  motivation  of  students  to  work  hard  on  the 
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Circuit  Training  Program  was  a  prime  consideration.  No  marks 
were  given  for  circuit  achievement  because  experience  over 
several  years  showed  that  this  tended  to  cause  Short  Circuiting 
by  students.  The  following  devices  were>  employed  to  motivate 
students  in  performing  the  circuits. 

1.  The  students  were  instructed  about  the  necessity  of 
activity  in  maintaining  healthy  growth  and  development. 

2.  The  idea  of  competing  against  one's  self  was  stressed. 

3.  Daily  records  were  kept  showing  any  reduction  in 
time  needed  to  complete  two  circuits  by  each  student. 

4.  Daily  records  of  the  number  of  circuits  completed 
by  each  student  were  kept. 

5.  Distinctive  colored  ribbons  to  be  worn  on  the  gym¬ 
nasium  costume  were  awarded  to  students  who  were  monitored  on 
the  circuits  and  judged  to  have  performed  them  with  great 
enthusiasm,  honesty  and  vigor  (see  Appendix  D) . 

6.  Students  were  monitored  at  random  while  performing 
circuits.  They  were  informed  of  any  Short  Circuiting  observed. 

A  note  was  made  of  any  such  deviations  observed. 

In  addition,  it  was  necessary  to  inform  students  that 
an  experiment  was  in  progress  and  they  were  aware  that  achieve¬ 
ment  was  being  measured  by  the  indices  employed  in  the  study. 

This  fact,  unfortunately,  set  up  an  artificial  motivating  fac¬ 
tor  which  would  not  be  present  in  a  normal  operational  setting. 

Design  of  the  Study. 

Because  junior  high  school  girls  and  boys  were  used  as 
subjects,  the  study  was  divided  into  two  parts,  one  for  girls 
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and  one  for  boys ,  A  total  of  sixty  boys,  twenty-nine  in  Grade 
Eight  and  thirty-one  in  Grade  Nine  were  employed  in  the  boys' 
study.  A  total  of  thirty-eight  girls,  twenty-one  in  Grade 
Eight  and  seventeen  in  Grade  Nine  were  used  in  the  girls' 
study.  One  male  subject  left  the  school  after  the  final 
oxygen  test,  but  before  the  final  strength  test.  He  was  not 
included  as  a  subject  in  the  strength  evaluation.  Methods 
and  procedures  for  each  part  were  identical. 

All  of  the  subjects  tested  were  able  to  take  part  in 
the  regular  physical  education  program  of  the  school  which 
consisted  of  a  daily,  forty  minute  period,  five  days  per  week, 
over  the  ten  week  experimental  period.  Two  Grade  Nine  and 
two  Grade  Eight  classes  of  mixed  sex  were  used.  The  subjects 
were  enrolled  at  Devon  High  School,  Devon,  Alberta. 

Subjects  were  tested  on  the  Ast rand-Ryhming  Predic¬ 
tive  Test  of  Maximal  Oxygen  Consumption  (10),  Their  strength 
was  determined  by  the  Howell-Loiselle-Lucas  (53)  strength 
measurement  techniques.  Tests  were  made  in  the  week  prior  to 
the  beginning  of  the  Circuit  Training  Program  and  in  the  week 
after  the  program  finished. 

An  array  of  the  scores  for  each  sex  on  the  summed 
strength  measures  was  calculated.  Each  array  was  blocked 
into  quarters  or  quartiles  according  to  the  method  suggested 
in  A . A tH, P.B . R ,  Research  Methods  (82:297). 

The  maximal  oxygen  consumption  scores  expressed  in 
liters  of  oxygen  per  minute  were  arrayed  within  the  quartile 
blocks  achieved  from  the  strength  scores.  These  scores  were 
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then  evenly  allotted  to  one  of  two  groups  for  each  sex  in 
each  grade.  The  method  used  was  to  pair  oxygen  scores  begin¬ 
ning  with  the  two  lowest  scores  in  each  strength  quarter  block 
and  progress  upward  to  the  two  highest  scores.  Individuals 
within  each  pair  were  assigned  to  one  or  other  of  the  two 
groups  by  a  toss  of  a  coin. 

The  result  was  two  imperfectly  equated  groups  on  two 
variables  (oxygen  consumption  and  strength)  for  each  sex. 

The  groups  within  each  sex  were  tested  by  a  two-tailed  test  of 
t  (39)  on  each  variable  to  ensure  that  they  were  not  signifi¬ 
cantly  different  from  each  other  prior  to  the  Circuit  Training 
Program.  There  was  found  to  be  no  difference  between  groups 
within  sexes  on  either  variable  at  the  0.05  level  of  confidence. 

Because  it  was  necessary  to  have  two  mixed  classes  for 
each  grade,  imperfectly  equated  groups  of  the  same  sex  in  a 
grade  were  paired  with  groups  of  the  opposite  sex  in  the  same 
grade  to  make  up  the  classes,  A  total  of  four  mixed  classes 
resulted,  two  in  Grade  Eight  and  two  in  Grade  Nine.  Classes 
within  grades  were  assigned  randomly  to  either  the  experimental 
treatment  or  the  control  treatment.  The  end  result  was  a  co¬ 
educational  experimental  class  in  Grade  Eight  and  in  Grade  Nine 
and  a  co-educat ional  control  class  in  Grade  Eight  and  in  Grade 
Nine.  Although  the  classes  were  co-educat ional,  only  subjects 
of  the  same  sex  in  control  and  experimental  classes  were  com¬ 
pared  statistically  on  the  oxygen  and  strength  variables. 

As  initial  testing  took  place  the  first  week  of  October, 
it  was  necessary  to  arrange  before  the  start  of  the  school  year 
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to  timetable  the  physical  education  classes  for  each  grade  in 
consecutive  periods  alternating  with  another  subject  that  all 
students  were  studying.  Permission  from  the  Devon  County 
School  Committee,  the  Principal  and  the  Teacher  involved  was 
granted.  The  alternate  subject  was  science.  This  allowed 
class  composition  to  be  changed  within  grades  to  facilitate 
structuring  the  experimental  and  control  classes.  The  Circuit 
Training  Program  was  conducted  over  a  10  week  period  with  the 
final  testing  session  occurring  in  the  week  immediately  follow¬ 
ing  the  training  program. 

The  Astrand-Ryhminq  Test  for  the  Prediction  of  Maximal  Oxygen 

Intake . 

The  apparatus  for  prediction  of  maximal  oxygen  intake 
was  brought  to  the  school  before  the  opening  of  the  term  on 
September  1,  1966.  The  apparatus  consisted  of  a  Monark  GC1 
Bicycle  Ergometer ,  a  Sanborn  Twin-Viso  Recorder  Model  60-1300 
electrocardiogram,  an  electric  metronome  and  a  stop  watch  with 
precision  of  1/10  of  a  second.  All  subjects  were  exposed  to 
the  apparatus  and  the  purpose  of  the  study  was  explained  to 
them.  In  the  class  periods  prior  to  the  initial  testing  period 
all  subjects  had  a  chance  to  take  an  unofficial  test  to  allow 
them  to  become  familiar  with  the  test  procedure  and  the 
apparatus. 

During  the  week  of  initial  official  testing,  a  second 
physical  education  teacher  and  selected  high  school  students 
assisted  in  the  procedure.  A  record  was  kept  of  the  order, 
day  and  time  that  each  subject  took  his/her  test  and  the  same 
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routine  was  repeated  for  the  final  test  at  the  end  of  the 
training  program  in  December. 

The  testing  procedure  closely  followed  the  description 
given  by  Astrand  (14)  and  Hyde  (54).  The  bicycle  ergometer 
was  carefully  adjusted  before  each  test  so  that  the  pendulum 
weight  was  set  at  "O"  in  order  that  the  work  load  could  be 
precisely  set. 

The  subject,  dressed  in  gymnasium  costume,  then  mounted 
the  bicycle  ergometer  and  the  seat  was  adjusted  to  the  individ¬ 
ual's  comfort.  Normally  the  subject  sat  so  that  the  front 
part  of  the  sole  of  his/her  foot  was  placed  on  the  pedal  and 
the  front  part  of  the  knee  was  straight  above  the  tip  of  the 
foot.  The  metronome  was  set  at  100  single  beats  per  minute 
and  the  subject  was  allowed  to  pedal  against  a  zero  work 
setting  until  he/she  could  pedal  at  the  correct  cadence.  The 
work  load  was  then  set  and  the  stop  watch  started.  This  load 
was  set  subjectively  but  normally  the  boys  started  at  a  work 
load  of  600  Kpm./min.  while  the  girls  began  at  300  Kpm./min. 
Heart  rates  were  taken  from  the  electrocardiogram  at  the  con¬ 
clusion  of  each  minute  of  exercise  and  converted  to  beats 
per  minute. 

After  4-5  minutes  the  pulse  rate  usually  reached 
a  steady  state  and  the  mean  pulse  rate  between  the  fifth  and 
sixth  minute  was  designated  as  the  working  pulse.  If  a  steady 
state  was  not  found  at  this  time,  the  exercise  continued 
until  a  constant  level  was  reached.  If  the  pulse  rate  reached 
the  steady  state  between  125  and  170  beats  per  minute  after 
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6  minutes  the  test  was  terminated.  If  the  initial  work  load 
was  not  heavy  enough  to  raise  the  pulse  rate  of  the  individual 
over  125  beats  per  minute  the  work  load  was  increased  until 
a  steady  state  within  the  required  range  was  attained.  An 
attempt  was  made  to  have  the  individual  reach  the  steady  state 
at  approximately  150  beats  per  minute  since  the  predicted  value 
is  considered  more  accurate  at  higher  pulse  rates  (6) . 

The  individual's  maximal  oxygen  intake  was  then  deter¬ 
mined  from  the  steady  state  heart  rate  and  work  load  by  employ¬ 
ing  the  nomogram  prepared  by  Astrand  and  Ryhming  (10)  (Appendix 
B). 

The  Howell  -  Loiselle  -  Lucas  Strength  Measuring  Techniques. 

It  was  not  possible  to  bring  the  strength  testing  appar¬ 
atus  to  the  school  before  the  initial  official  testing  began 
and  students  were  not  able  to  familiarize  themselves  with  the 
equipment  and  its  operation  before  the  initial  testing  period. 
The  devices  used  were  the  same  as  those  employed  by  Howell, 
Loiselle  and  Lucas  (53)  and  every  effort  was  made  to  duplicate 
their  administration  of  the  tests.  Testing  was  carried  on  at 
the  same  time  and  by  members  of  the  same  group  of  people  as 
for  the  predicted  oxygen  consumption  test.  All  subjects  were 
encouraged  to  do  as  well  as  possible  on  each  test.  The  follow¬ 
ing  is  a  description  of  the  apparatus  and  techniques  used, 
paralleling  the  methods  taken  from  Howell,  aT.  (53:51). 

Strength  Testing  Machine.  The  strength  testing  machine, 
which  followed  a  Hettinger  idea,  was  used  for  eight  of  the 


47 


ten  tests  of  basic  strength  carried  out.  A  vertical  pole  six 
feet  long  was  attached  to  a  heavy  metal  base  that  was  three 
feet  square.  To  the  pole  was  attached  a  seat  which  could  be 
lifted  or  lowered  to  accommodate  subjects  of  unequal  sizes. 

Two  seats  were  interchangeable,  one  a  small  toy  tractor  seat 
for  the  younger  or  smaller  subjects,  and  the  other  a  regular 
tractor  seat  for  all  the  other  subjects.  Slightly  higher  on 
the  pole  was  a  shaft  to  which  horizontal  arms  were  attached. 

To  the  horizontal  arms  two  elbow  holders  were  fastened.  The 
elbow  holders  stabilized  the  upper  arms  both  vertically  and 
laterally.  They  were  completely  adjustable  through  use  of  a 
sliding,  but  lockable  system.  The  third  attachment  to  the 
vertical  pole  held  two  shoulder  pads,  which  were  adjustable. 
These  adjustable  pads  stabilized  the  shoulders  to  prevent 
both  excessive  lifting  of  the  shoulders  and  forward  rotation. 

A  V  bar  was  attached  to  the  top  of  the  vertical  pole.  The 
V  bar  was  used  to  attach  a  chain  during  the  elbow  extension 
tests.  The  base  of  the  apparatus  contained  a  set  of  adjust¬ 
able  hooks  to  which  chains  could  be  fastened  for  the  elbow 
flexion  and  leg  extension  tests.  The  machine  was  completed 
by  addition  of  short  chains,  precision  width  cables,  web- 
belt  loops  and  hooks,  and  a  Pacific  Scientific  Instrument 
cable  tensiometer.  The  grip  strength  test  was  carried  out 
with  the  subject  seated  on  a  chair,  using  a  Smedley  Adjustable 
grip  dynamometer. 

Back  and  Leg  Lift  Apparatus.  The  back  and  leg  lift 
measurements  were  both  carried  out  using  a  small  stool  upon 
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which  the  subjects  stood.  A  cable  was  attached  to  a  bolt  just 
beneath  the  surface  of  the  stool.  A  metal  gripping  bar  and  a 
web  belt  were  used  for  the  leg  lift.  The  belt  was  not  used 
for  the  back  lift.  A  Pacific  Instrument  Company  cable  tensio¬ 
meter  was  used  to  record  the  strength  of  each  pull.  Leg  angle 
was  checked  by  a  gonimometer,  and  was  set  at  120  degrees  flexion. 

Description  of  the  Strength  Tests. 

Grip  Strength  Test.  The  strength  of  grip  was  tested  for 
each  hand  by  means  of  a  Smedley  Adjustable  Grip  dynamometer. 

After  being  seated  the  subject  was  instructed  as  to  the  manner 
of  carrying  out  the  squeeze  action.  The  testing  arm  was  flexed 
as  far  as  possible,  and  the  hand  held  the  dynamometer  with  the 
dial  facing  away  from  the  subject.  For  female  subjects  the 
adjustable  dynamometer  was  set  to  number  four  position,  while 
for  males  the  setting  was  number  five.  The  hand  was  neither 
supinated  nor  pronated  but  was  vertically  positioned  while 
doing  the  test.  Turning  or  ratating  of  the  hand  was  not  al¬ 
lowed.  As  the  subject  commenced  the  grip  action  he  dropped 
his  lower  arm  until  it  reached  90  degrees  flexion.  The  subject 
was  allowed  six  seconds  for  each  squeeze.  A  brief  rest  was 
allowed  between  trials  while  the  reading  from  the  dynamometer 
was  taken  and  recorded.  After  two  maximum  effort  trials  with 
the  left  hand,  the  subject  carried  out  two  with  the  right 
hand.  Verbal  encouragement  or  the  shout  technique  was  used 
at  all  times  during  the  test.  The  subject  was  not  aware  of 
the  results  during  the  testing  period. 
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Elbow  Flexion  Test,  This  test  was  carried  out  by  the 
use  of  the  strength  machine  after  the  shoulder  and  elbow 
holders  had  been  adjusted.  These  adjustments  consisted  of 
having  the  subject  assume  a  comfortable  upright  sitting  posi¬ 
tion  with  the  shoulders  back  and  evenly  balanced;  and  of  having 
the  subject's  elbows  against  his  sides  and  adjusted  forward 
or  backward  so  his  upper  arm  was  vertical.  The  hands  remained 
vertical  and  clenched  throughout  the  test.  Using  a  goniometer 
the  angle  at  the  elbow  was  adjusted  to.  120  degrees.  A  belt 
loop  was  then  placed  around  the  arm  and  positioned  exactly 
midway  between  the  wristbone  and  the  olecranon  process.  A 
cable  and  chain  was  snapped  to  the  loop  and  attached  to  the 
adjustable  hook  at  the  base  of  the  machine.  The  hook  was 
adjusted  to  the  perpendicular  with  the  lower  arm,  such  that 
the  angle  of  pull  was  straight.  Using  a  Pacific  cable  tensio¬ 
meter  attached  to  the  cable  the  subject  flexed  against  the 
taut  cable  as  hard  as  possible  for  six  seconds.  As  with  the 
grip  test  each  subject  did  two  tests  with  his  left  arm  followed 
by  two  tests  with  his  right  arm.  Verbal  encouragement  and 
brief  rests  were  used  throughout. 

Elbow  Extension  Test.  The  overall  technique  was  exactly 
as  for  the  elbow  flexion  test.  The  differences  in  technique 
included:  adjusting  the  angle  of  the  elbow  to  90  degrees; 

attaching  the  cable  and  chain  to  the  V  arm  of  the  strength 
machine,  which  is  located  at  the  top  of  the  vertical  pole;  and 
having  the  subject  extend  his  lower  arm  downwards  against  the 
taut  cable  emphasizing  bending  of  the  lower  arm  at  the  elbow 
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rather  than  pushing.  The  tendency  to  push  was  opposed  by  the 
opposite  shoulder  pad. 

Knee  Extension  Test.  The  subject  remained  in  the  strength 
machine  with  his  hands  placed  lightly  on  his  legs.  A  belt  loop 
was  placed  around  the  subject's  lower  leg  midway  between  the 
malleolus  and  the  patella.  The  angle  at  the  knee  was  adjusted 

to  120  degrees.  The  cable  and  chain  was  then  fastened  to  one 

\ 

of  a  series  of  hooks  placed  at  the  perpendicular  to  the  lower 
leg  and  adjusted  laterally  so  that  the  angle  of  the  pull  was 
zero.  The  experimenter  held  an  object  in  line  with  the  proper 
angle  of  pull  such  that  the  subject's  maximal  extension  was 
properly  aligned.  Two  extensions  with  the  right  leg  were  fol¬ 
lowed  by  two  with  the  left  leg.  Brief  rests  were  used  along 
with  the  shout  technique  in  doing  the  test.  The  subject  left 
the  strength  machine  after  the  knee  extension  test. 

Leg  Lift  Test.  The  test  of  leg  lift  strength  was  simi¬ 
lar  to  that  described  by  Clarke  (26) .  A  small  twelve  inch  stool 
was  placed  against  a  flat  wall.  The  subject  stood  on  the 
stool  with  his  feet  parallel  and  shoulder  width  apart.  A 
metal  bar  was  gripped  by  the  subject  with  one  hand  prone  and 
one  supine,  and  with  arms  bent.  Attached  to  the  bar  and  lead¬ 
ing  around  the  subject's  back  at  hip  level  was  a  three  inch 
web  belt,  which  aided  the  subject  in  performing  a  maximal  lift. 
The  belt  rested  just  over  the  top  edge  of  the  iliac  crest. 

After  adjusting  the  knee  angle  to  120  degrees  and  checking  to 
see  that  the  subject's  back  was  against  the  wall  the  subject 


sci  j  :>  •  >li  9  Pt  e  1 1  r  ’ 


51 


pulled  vertically  upward  by  attempting  to  straighten  his  legs. 

A  taut  chain  and  cable  prevented  this,  and  held  the  Pacific 
Instrument  cable  tensiometer.  The  subject  performed  two 
maximal  leg  lifts. 

Back  Lift  Test,  The  back  lift  was  similar  to  the  Clarke 
(26)  back  lift.  The  belt  used  for  the  leg  lift  was  discarded 
but  the  subject  remained  on  the  stool.  The  subject  bent  for¬ 
ward  at  the  hips  and  with  arms  straight  he  grasped  the  bar. 

The  legs  were  straight  throughout  the  test.  The  chain  and 
cable  were  adjusted  so  that  with  a  maximal  back  lift  the  sub- 
ject’s  back  ended  up  just  vertical  or  touching  the  wall.  Hand 
position  and  the  number  of  trials  remained  the  same  as  prev¬ 
iously. 

The  highest  reading  on  each  test  was  summed  and  the 
resulting  total  became  the  subject’s  summed  strength  score. 

Equipment  Calibration. 

All  calibration  of  the  tensiometers  was  carried  out  by 
the  instrument  Laboratory  of  Northwest  Industries  Limited  of 
Edmonton , 

The  sinus  balance  on  the  bicycle  ergometer  was  calibrated 
by  means  of  a  set  of  stainless  steel  weights,  #750  Class  S  -  1 
Serial  No.  7Y1458  in  the  following  manner  (14): 

a)  The  brake  drum  was  removed  and  the  mark  on  the  pend¬ 
ulum  weight  was  set  at  ”0”. 

b)  A  one  kilogram  weight  was  attached  to  the  spring. 
Weights  were  added  or  taken  from  the  spring  as  required  to  bring 
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the  mark  on  the  pendulum  to  the  required  scale  mark  of  Ml-KpM . 

c)  The  process  was  continued  through  "2  KpM ,  ”3  KpM 
and  so  on  up  to  ”7  KpM . 

d)  If  adjustment  was  required  it  was  made  by  means  of 
an  adjusting  screw  which  altered  the  center  of  gravity  of  the 
sinus  balance. 

Statistical  Treatment. 

Two  tailed  tests  of  t  (39)  were  used  to  test  the  sig¬ 
nificances  of  the  differences  between  means  of  the  indices 
exhibited  by  the  various  experimental  and  control  groups  prior 
to  the  Circuit  Training  Program. 

An  analysis  of  variance  as  outlined  by  Edwards  (36:227) 
was  used  to  test  the  hypotheses  presented  in  the  statement  of 
the  problem. 
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CHAPTER  IV 


RESULTS  AND  DISCUSSION 

In  considering  the  data  in  the  analysis  of  variance 
tables  to  follow,  the  A  effect  or  Groups  effect  essentially 
compares  the  scores  of  the  experimental  or  Circuit  Training 
group  taken  both  before  and  after  the  Circuit  Training  Pro¬ 
gram  and  considered  as  a  mean  with  the  scores  of  the  control 
or  Structured  Play  group  also  taken  before  and  after  the  pro¬ 
gram  and  considered  as  a  mean.  If  the  A  effect  be  significant, 
the  combined  scores  of  the  experimental  group  represent  a  dif¬ 
ferent  population  than  the  combined  scores  of  the  control 
group.  As  the  scores  of  both  groups  taken  before  the  program 
were  assumed  to  represent  the  same  population,  changes  in  the 
scores  taken  after  the  program  must  be  marked  enough  to  com¬ 
pensate  for  this  previous  similarity  in  order  to  result  in  a 
significant  A  effect. 

The  B  effect  or  Trials  effect  essentially  compares  the 
overall  mean  of  the  two  groups  before  the  Circuit  Training 
Program  with  the  overall  mean  of  the  two  groups  after  the 
program.  Significance  indicates  that  one  or  both  groups  have 
changed  significantly  from  their  initial  status. 

The  AB,  Groups  by  Trials  or  interaction  effect  is  pro¬ 
bably  the  most  relevant  in  this  study.  It  compares  differences 
between  the  experimental  group  considered  before  and  after  the 
Circuit  Training  Program  with  differences  between  the  control 
group  considered  before  and  after  the  program.  Significance 
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indicates  that  changes  in  the  experimental  group  are  signif- 
icantly  different  from  changes  in  the  control  group. 

Results  of  Effects  on  Boys  of  Circuit  Training  in  Terms  of 

Oxygen  Consumption. 

The  Circuit  Training  or  experimental  group  consisted  of 
thirty-one  boys  and  the  Structured  Play  or  control  group  of 
twenty-nine  boys.  Table  IV  represents  the  analysis  of  variance 
in  predicted  maximal  oxygen  consumption  in  liters  per  minute 
for  group,  for  trials,  and  for  the  interaction  of  groups  and 
trials . 

Figure  1  shows  the  comparison  of  mean  predicted  maximal 
oxygen  consumption  values  in  liters  per  minute  between  groups 
for  both  the  before  and  after  experiment  trials. 

A  t-test  of  significance  (39)  was  used  to  compare  the 
mean  of  the  control  group  to  that  of  the  experimental  group 
before  the  Circuit  Training  Program.  The  calculated  t-ratio 
was. 505,  a  value  that  was  not  significant  at  the  0.05  level 
of  confidence. 

Figure  1  indicates  that  the  control  group  decreased 
slightly  in  mean  predicted  maximal  oxygen  consumption  in 
liters  per  minute,  the  initial  and  final  means  being  2.35 
and  2.33  liters  respectively.  The  experimental  group  increased 
from  a  mean  value  of  2.42  liters  to  2.60  liters. 

Table  IV  shows  that  the  experimental  groups'  increase 
and  the  control  groups’  decrease  were  not  great  enough  to 
bring  about  a  significant  F-ratio  for  Groups  (P  =  0.05). 

The  F-ratio  for  the  A  effect  was  1.508  and  a  value  of  4.010 
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TABLE  IV 


ANALYSIS  OF  VARIANCE  -  BOYS  -  PREDICTED  MAXIMAL  OXYGEN  VALUES 


Source  of 

Sum  of 

Degrees  of 

Mean 

Significant 

Variance 

Squares 

Freedom 

Squares 

F 

P=0 . 05 

A  Groups 

.8823 

1 

.8823 

1.508 

error  a 

33.9199 

58 

.5848 

B  Trials 

.  1895 

1 

.1895 

4.761 

v/ 

AB  Groups 
x  Trials 

.3035 

1 

.3035 

7.625 

N/ 

error  b 

2.3110 

58 

.0398 

TOTALS 

37.6062 

119 

-  Experimental 

Groups 

-  Control 

Before 

#2  -  Experimental 

Og  ”  Control 

Groups  After 

FIGURE  1 

Comparisons  of  mean  predicted  maximal  oxygen  consumption  values 
(PMVOg)  in  liters  per  minute  for  Boys'  Groups  both  Before  and 
After  the  Circuit  Training  Program. 
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was  needed  for  significance  at  the  0,05  level  of  confidence. 

In  the  following  discussions,  achieved  and  required  F-ratios 
are  shown  as  a  fraction  in  brackets  with  the  numerator  repre- 
senting  the  achieved  F-ratio  and  the  denominator  representing 
the  F-ratio  required  for  significance  with  P  =  0.05.  For 
example,  the  above  would  be  represented  as  (1.508/4,010), 

A  significant  Trials  effect  was  achieved  however 
(4,761/4.010).  One  may  therefore  reason  that  the  after  experi¬ 
ment  oxygen  scores  of  one  ox  both  groups  differ  significantly 

{ 

from  respective  before  experiment  scores.  However,  it  cannot 
be  said  with  confidence  that  the  groups,  having  changed,  have 
changed  differently. 

The  fact  that  an  AB  effect  of  significance  was  achieved 
(7.625/4.010)  for  boys  in  oxygen  consumption  values  indicates 
that  the  changes  in  groups  over  trials  were  significantly 
different  for  each  group.  The  mean  score  of  the  Circuit 
Training  or  experimental  group  after  the  program  (2,60  liters) 
was  larger  than  that  of  the  Structured  Play  or  control  group 
(2.33  liters),  and  we  may  reasonably  attribute  the  difference 
to  the  effects  of  Circuit  Training, 

In  summary,  both  groups  of  boys  were  statistically 
equal  in  mean  predicted  maximal  oxygen  consumption  values 
before  the  experiment.  No  significant  Groups  effe.ct  was 
achieved.  A  significant  Trials  and  Groups  by  Trials  effect 
resulted.  The  mean  of  the  experimental  group  increased,  while 
that  of  the  control  group  decreased.  The  difference  may  be 
attributed  to  the  effect  of  Circuit  Training. 
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Results  of  the  Effects  on  Girls  of  Circuit  Training  in  Terms 

of  Oxygen  Consumption. 

Table  V  represents  the  analysis  of  variance  in  predicted 
maximal  oxygen  consumption  in  liters  per  minute  for  girls' 
experimental  (n  =  18)  and  control  (n  =  20)  groups. 

Figure  2  shows  the  comparison  of  mean  predicted  maxi¬ 
mal  oxygen  consumption  values  in  liters  per  minute  between 
girls'  groups  before  as  well  as  after  the  experiment. 

A  t-test  of  means  (39)  indicated  that  the  control  and 
experimental  groups  were  initially  matched.  The  calculated 
t-ratio  was  1.013,  a  value  not  significant  at  the  0.05  level 
of  confidence. 

Figure  2  shows  that  the  control  group  decreased 
slightly  in  mean  predicted  maximal  oxygen  consumption  in 
liters  per  minute,  changing  from  1.84  liters  to  1.81  liters. 

The  experimental  group  increased  from  a  mean  value  of  1.95 
liters  to  2,15  liters. 

Table  V  indicates  there  was  no  significant  Groups  effect 
for  girls  in  oxygen  consumption  (3.663/4.110). 

No  B  or  Trials  effect  was  achieved  by  the  girls  in 
oxygen  consumption,  meaning  that  the  groups  did  not  change 
significantly  from  initial  values  (3.138/4.110). 

It  is  important  to  note,  however,  that  the  changes 
made  in  groups,  when  compared  to  each  other,  did  indicate 
significance.  This  is  demonstrated  through  the  achievement 
of  a  significant  F-ratio  on  the  AB  effect  (7,141/4.110). 

Changes  made  by  groups  were  significantly  different  from 
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TABLE  V 


ANALYSIS  OF  VARIANCE 

-  GIRLS 

-  PREDICTED 

MAXIMAL 

OXYGEN  VALUES 

Source  of 
Variance 

Sum  of  Degrees  of  Mean 

Squares  Freedom  Squares 

F 

Significant 
P=0 . 05 

A  Groups 

.  9887 

1 

.  9887 

3.663 

error  a 

9.7146 

36 

.2699 

B  Trials 

.  1114 

1 

.  1114 

3.138 

AB  Groups 

x  Trials 

.2535 

1 

.2535 

7.141 

\/ 

error  b 

1.2769 

36 

.0355 

TOTALS 

12.3451 

75 

. 
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FIGURE  2 

Comparisons  of  mean  predicted  maximal  oxygen  consumption  values 
(PMV02)  in  liters  per  minute  for  Girls’  Groups  both  Before  and 
After  the  Circuit  Training  Program, 
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each  other.  As  the  Circuit  Training  or  experimental  group 
increased  its  oxygen  consumption  capacity,  while  the  Structured 
Play  or  control  group  decreased  slightly,  one  may  reason  that 
the  difference  was  due  to  the  effects  of  Circuit  Training. 

To  summarize,  both  groups  of  girls  were  statistically 
equal  in  oxygen  consumption  values  before  the  experiment.  No 
significant  Groups  or  Trials  effects  resulted  from  the  experi¬ 
ment,  A  significant  Groups  by  Trials  effect  was  achieved 
(P  =  0.05).  As  the  experimental  group  increased  its  oxygen 
consumption  capacity  while  the  control  group  decreased,  the 
difference  may  be  attributed  to  the  effects  of  Circuit  Train¬ 
ing. 

Results  of  Effects  on  Boys  of  Circuit  Training  in  Terms  of 

Summed  Strength. 

Table  VI  presents  the  analysis  of  variance  in  summed 
strength  scores  in  pounds  for  boys’  groups. 

Figure  3  illustrates  comparisons  of  boys’  mean  group 
strength  values  before  as  well  as  after  the  experiment. 

The  Structured  Play  (control)  group  (n  =  29)  increased  from 
a  summed  strength  mean  of  1385  pounds  to  1513  pounds  while 
the  Circuit  Training  (experimental)  group  (n  =  30)  increased 

from  1368  pounds  to  1540  pounds  over  the  course  of  the  experi- 

« 

ment.  In  other  words,  initially  the  Circuit  Training  group 
was  weaker  than  the  Structured  Play  group  on  the  average.  At 
the  end  of  the  experiment  it  was  stronger . 

Initially  both  boys’  groups  were  statistically  equal  on 
summed  strength  values.  They  were  compared  with  a  t-test  (39) 
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TABLE  VI 


ANALYSIS  OF  VARIANCE  -  BOYS  -  SUMMED  STRENGTH  VALUES 


Source  of 
Variance 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 

Squares 

F 

Significant 
P=0 . 05 

A  Groups 

615 

1 

615 

.00289 

error  a 

12113692 

57 

212520 

B  Trials 

669311 

1 

669311 

4.355 

AB  Groups 
x  Trials 

14689 

1 

14689 

.  9558 

error  b 

875922 

57 

15367 

TOTALS 

13674229 

117 

Control 

Group  - 

Before  -  0 

2  -  After  - 
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FIGURE  3 

Comparison  of  mean  strength  values  in  pounds  for  Boys’  Groups 
both  Before  and  After  the  Circuit  Training  Program. 
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which  resulted  in  a  t-ratio  of  .199,  a  value  not  significant 
at  the  0.05  level  of  confidence. 

In  testing  strength  scores  for  significance  (Table  VI) 
the  only  part  of  the  analysis  which  proved  to  be  significant 
was  the  Trials  effect  (4.335/4.010).  The  Groups  effect  and 
Groups  by  Trials  effect  were  not  statistically  significant. 

The  significant  Trials  effect  would  indicate  that  the  initial 
combined  mean  of  the  experimental  and  control  groups  was  sig¬ 
nificantly  different  from  the  final  combined  mean  of  these 
two  groups.  As  no  AB  effect  resulted,  it  must  be  assumed 
that  both  groups  improved  in  strength  over  the  course  of  the 
experiment,  but  that  these  strength  changes  were  not  signifi¬ 
cantly  different  from  each  other. 

Results  of  the  Effects  on  Girls  of  Circuit  Training  in  Terms 

of  Summed  Strength. 

The  Circuit  Training  group  (n  =  18)  and  the  Structured 
Play  group  (n  =  20)  were  compared  initially  to  see  if  they 
were  significantly  different  in  terms  of  summed  strength  values. 
A  t-ratio  of  .467  was  found,  which  was  not  significant  at  the 
0.05  level  of  confidence. 

Figure  4  indicates  that  the  control  group  started  ahead 
of  the  experimental  group  in  mean  summed  strength  values  with 
an  average  of  1092  pounds  compared  to  1060  pounds.  At  the 
conclusion  of  the  experiment  the  positions  were  reversed, 
with  the  experimental  group  mean  value  at  1246  pounds,  while 
the  control  or  Structured  Play  group  trailed  with  a  mean 
value  of  1147  pounds. 
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Table  VII  shows  only  two  F-ratio  values  significant, 
Trials  (15.426/4.11)  and  Groups  by  Trials  (4.736/4.11). 

From  this  data  it  is  reasonable  to  state  that  one  or 
both  girls'  groups  have  changed  significantly  over  the  trials 
but  that  the  Circuit  Training  group  increased  in  strength  to 
a  significantly  greater  degree  than  the  Structured  Play  group. 
The  difference  in  these  changes  may  be  assumed  to  be  due  to 
the  effects  of  Circuit  Training. 

Summary  of  Results  for  Boys  and  Girls  in  Terms  of  Oxygen  and 

Strength . 

In  the  cases  of  both  boys  and  girls  the  Circuit  Training 
groups  increased  their  mean  predicted  maximal  oxygen  consump- 
tion  values  while  the  Structured  Play  groups  decreased  slightly 
over  the  course  of  the  experiment. 

There  were  significant  Groups  by  Trials  effects  but  no 
significant  Groups  effects  in  terms  of  oxygen  consumption 
values  for  both  sexes.  A  significant  Trials  effect  in  oxygen 
consumption  values  was  noted  only  in  the  case  of  the  boys’ 
groups. 

All  groups  for  both  sexes  made  strength  gains  over  the 
course  of  the  experiment,  with  experimental  groups  passing 
control  groups  in  both  instances.  A  significant  Tr(ials  effect 
was  noted  for  both  sexes  in  strength  values,  but  no  signifi¬ 
cant  Groups  effects  resulted.  Only  in  the  case  of  the  girls 
did  the  experimental  group  change  in  a  significantly  differ¬ 
ent  manner  from  the  control  group  in  summed  strength  values. 


TABLE  VII 


ANALYSIS  OF  VARIANCE  -  GIRLS  -  SUMMED  STRENGTH  VALUES 


Source  of 
Variance 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 

Squares 

F 

Significant 
P=0 . 05 

A  Groups 

21553 

1 

21553 

.355 

error  a 

2184594 

36 

60683 

B  Trials 

262906 

1 

262906 

15.426 

v/ 

AB  Groups 
x  Trials 

80711 

1 

80711 

4.736 

error  b 

613545 

36 

17042 

TOTALS 

3163309 

75 

Experimental  Group 

-  Before  - 

-  After 

Control  Group 

-  Before  - 

-  After 

S-btiziigla 

founds 


FIGURE  4 

Comparison  of  mean  strength  values  in  pounds  for  Girls’  Groups 
both  Before  and  After  the  Circuit  Training  Program. 
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Discussion  of  Predicted  Maximal  Oxygen  Consumption  Results. 

A  number  of  questions  arise  in  a  review  of  the  results 
of  this  study.  Some  of  these  questions  will  be  presented 
below  and  possible  answers  given. 

Why  was  there  a  decrease,  although  possibly  insignifi¬ 
cant,  in  the  predicted  maximal  oxygen  consumption  of  the 
Structured  Play  groups  of  both  sexes? 

It  is  known  that  body  weight  is  related  to  maximal  oxy¬ 
gen  consumption  (11,  77,  79,  88,  98)  and  that  not  until  the 
age  of  twenty  to  thirty  is  there  a  drop  off  of  aerobic  capa¬ 
city  due  to  aging  (6,  77).  Why  should  growing,  teenaged  boys 
and  girls  suffer  a  reduction  in  aerobic  capacity? 

The  ten  week  experimental  period  occurred  in  the  fall 
and  early  winter.  Just  prior  to  the  experiment,  all  subjects 
took  part  in  four  weeks  of  soccer  in  the  physical  education 
classes,  each  potential  member  of  a  group  getting  the  same 
chance  of  exposure  to  a  vigorous  outdoor  activity.  All  sub¬ 
jects  were  tested  for  placement  into  groups  after  exposure  to 
this  vigorously  conducted  activity.  Therefore  it  may  be 
assumed  that  aerobic  capacity  would  be  relatively  high  initially 
in  all  groups.  As  soon  as  the  experiment  began,  the  classes 
moved  indoors,  where  volleyball,  archery  and  a  one-week  intro¬ 
duction  to  basketball  were  taught.  These  activities  were  not 
conducted  as  strenuously  as  soccer.  Also,  with  the  coming  of 
snow  and  cold,  much  outside,  vigorous,  random  activity  assoc¬ 
iated  with  summer  and  fall  may  have  been  reduced.  The  activity 
level  common  to  all  groups,  then,  may  have  been  reduced  due 
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to  the  types  of  activities  presented  in  class  and  the  effects 
of  the  transition  to  winter  pastimes.  The  decreases  may  also 
have  been  statistically  insignificant  and  due  to  the  effects 
of  random  factors. 

Why  did  the  boys'  groups  achieve  a  significant  Trials 
effect  oxygen  consumption  F-ratio  while  the  girls'  groups 
did  not? 

This  may  be  explained  by  the  fact  that  the  boys'  study 
involved  more  subjects  (N  =  60)  than  the  girls'  (N  =  38), 
therefore  giving  more  degrees  of  freedom,  smaller  error  terms, 
larger  F-ratios  and  a  greater  chance  for  significance,  other 
things  being  equal.  A  more  powerful  test  of  significance  is 
possible  with  a  greater  number  of  subjects.  In  fact,  the 
girls'  Circuit  Training  group  percentage  gain  over  initial 
values  in  oxygen  consumption  was  higher  than  that  of  the 
respective  boys'  group  (10.26%  to  7.44%).  Also,  the  girls' 
control  group  decreased  a  greater  average  amount  (-0.03  liters) 
than  the  boys'  control  group  9-0.02  liters)  over  the  course  of 
the  experiment. 

Why  were  there  no  significant  Groups  effects  resulting 
from  the  analysis  of  predicted  maximal  oxygen  consumption 
values? 

As  has  been  pointed  out  at  the  beginning  of  this  chapter, 
a  marked  change  in  scores  obtained  after  the  experiment  com¬ 
pared  to  initial  values  would  have  been  needed  to  bring  about 
a  significant  Groups  effect.  A  significant,  but  unmarked 
change  in  groups  may  be  masked  by  the  fact  that  initial, 


' 


66 


statistically  equal  values  for  groups  were  considered  in  cal¬ 
culating  the  Groups  effect.  This  was  due  to  the  fact  that  the 
groups  were  imperfectly  equated  prior  to  the  experiment.  As 
the  Circuit  Training  Program  was  limited  to  between  ten  to 
twelve  minutes  per  day,  one  would  not  be  expected  to  achieve 
marked  changes  in  oxygen  consumption  values  over  the  ten  week 
course  of  the  experiment.  The  same  reasoning  would  account  for 
a  lack  of  significant  Groups  effects  in  the  analyses  of  boys' 
and  girls’  groups  in  terms  of  summed  strength. 

Discussion  of  Summed  Strength  Results. 

Why  were  there  strength  increases  for  the  Structured 
Play  or  control  groups? 

The  obvious  answer  is  that  the  Structured  Play  involved 
produced  the  strength  changes.  But  the  activities  pursued 
(volleyball  -  five  weeks,  archery  -  four  weeks,  basketball  - 
one  week)  were  not  primarily  strength  building  in  nature, 
with  the  possible  exception  of  archery.  The  isotonic  con¬ 
tractions  involved  in  drawing  an  arrow  and  the  isometric 
contractions  involved  in  holding  the  aim  may  have  produced 
some  strength  benefits.  These  effects  may  possibly  have 
shown  up  in  some  of  the  readings  that  went  into  making  up 
the  final  summed  strength  scores. 

Another  possible  explanation  would  be  the  effects  of 
maturation.  The  subjects  were  between  the  ages  of  thirteen 
and  fifteen  and  there  is  evidence  that  from  the  beginning  of 
puberty  onward  rapid  gains  in  strength  are  made  for  both  sexes 
(puberty  comes  between  eleven  and  thirteen  years  for  girls  and 
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thirteen  to  fifteen  years  for  boys)  (24,  30,  43,  53,  55). 

Why  were  the  strength  increases  of  the  girls’  Circuit 
Training  group  significantly  greater  than  the  gains  of  the 
girls'  Structured  Play  group,  while  such  was  not  the  case 
for  respective  groups  of  boys?  A  number  of  answers  are 
possible . 

First,  as  is  explained  above,  most  of  the  girls  wpulc^ 
have  completed  the  puberty  stage  and  both  girls'  groups  would 
be  more  apt  to  be  stable  in  terms  of  strength  development  and 
therefore  more  likely  to  show  any  possible  effects  of  Circuit 
Training.  The  boys  in  both  groups  were  in  the  middle  of  the 
puberty  stage  and  a  greater  random  chance  of  a  change  due  to 
maturation  could  possibly  have  made  itself  evident  in  both 
boys'  groups.  The  boys'  groups  would  be  more  naturally  vari¬ 
able  and  less  likely  to  show  any  effects  of  a  limited  Circuit 
Training  Program. 

Second,  an  observation  based  on  experience  is  that 
girls  tend  to  be  more  conscientious  than  boys  and  more  willing 
to  work  consistently  hard  at  the  circuits  than  the  boys. 

This  was  thought  to  be  the  case  with  the  performance  on  the 
experimental  Circuit  Training  Program. 

Third,  it  is  generally  believed  by  weight  lifters  that 
strength  is  built  most  effectively  through  lifting  very  heavy 
weights  a  few  repetitions  (25,  64) ,  between  three  to  five 
times,  for  example.  The  weights  employed  in  the  weight  circuit 
were  designed  to  be  lifted  at  a  maximum  rate  of  between  twelve 
and  twenty-four  times.  This  has  a  tendency,  in  theory,  to 
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develop  more  muscular  endurance  than  strength.  Nevertheless, 
with  girls  being  weaker  than  boys,  there  would  be  a  greater 
chance  that  the  weights,  being  relatively  more  difficult  for 
the  girls  to  handle,  might  have  produced  a  greater  strength 
effect  in  girls. 

Discussion  of  Motivation  on  the  Circuit. 

In  justifying  this  study,  it  was  pointed  out  that  Circuit 
Training  frees  the  teacher  from  direct,  active  participation 
in  conducting  the  fitness  program.  This  is  an  important  prac¬ 
tical  consideration  for  any  teacher  who  may  have  seven  or 
eight  classes  arriving  one  after  another  daily.  Keeping  in 
mind  that  the  circuits  are  done  by  each  pupil  on  his  or  her 
own  volition,  motivation  to  have  each  individual  do  the  exer¬ 
cises  honestly  becomes  an  important  concern.  Short  Circuiting 
(see  definition,  Chapter  I)  becomes  a  problem.  For  the  con¬ 
scientious  student,  performance  of  the  circuits  in  an  honest, 
vigorous,  enthusiastic  manner  becomes  a  challenge.  Persever¬ 
ance  and  determination  build  self-esteem.  But  for  the  less 
conscientious,  Short  Circuiting  is  the  easy  way  out  and  the 
program  becomes  a  daily  exercise  in  dishonesty.  Certainly 
our  schools  are  not  intended  to  teach  that  dishonesty  pays. 

It  is,  therefore,  necessary  that  the  teacher  be  alert  to  and 
concerned  about  this  problem.  This  constant  alertness  and 
concern  may  have  a  tendency  to  be  more  of  a  strain  for  the 
teacher  than  actually  leading  students  through  tables  of  exer¬ 
cises.  The  limitations  of  such  tables,  however,  should  be 
patently  obvious  to  any  experienced  teacher. 


. 

Of  8  ,  »V  5WO.  eS'9ld  -f  rfOUS 

■ 


69 


The  only  solutions  that  appear  to  have  merit  are  exten¬ 
sions  of  the  devices  to  maintain  motivation  as  outlined  in 
Chapter  III,  In  brief,  these  may  be  summarized  into  an  appeal 
to  the  reason  and  understanding  of  the  pupils,  recognition 
and  reward  for  excellence  of  performance,  and  variety  in  activ¬ 
ity,  It  is  felt  that  variety  in  activity  holds  the  most 
promise.  Circuit  Training  in  its  various  forms  should  be 
alternated  with  other  fitness  programs  such  as  Parlauf  running, 
obstacle  courses,  relay  games  or  combative  competitions.  Devis¬ 
ing  such  programs  suitable  for  the  junior  high  school  level 
remains  a  challenge  to  enthusiastic,  creative  teachers  who  may 
be  blessed  with  time  just  to  sit  on  occasion  and  think  about 
where  education  is  going  and  how  it  should  proceed. 

Discussion  of  the  Results  of  this  Study  in  Comparison  to  Other 

Circuit  Training  Studies. 

There  is  only  one  study  known  to  have  been  done  compar¬ 
able  to  this  study  on  school  children  in  an  actual  operational 
setting  involving  the  use  of  controls.  Brown  (21)  reported 
no  significant  difference  between  experimental  and  control 
groups  in  which  the  experimental  group  did  Circuit  Training 
three  times  a  week,  ten  minutes  per  session  as  part  of  the 
regular  physical  education  classes.  The  control  group  carried 
on  with  regular  physical  education  class  activities.  Subjects 
were  Grade  Five  girls  and  the  fitness  test  was  the  A.A.H.P.E.R. 
Youth  Fitness  Test.  The  fact  that  the  Circuit  Training  in 
the  present  study  was  associated  with  significantly  different 
changes  between  experimental  and  control  groups  in  oxygen 
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consumption  values  for  both  sexes  and  in  strength  values  for 
girls  may  be  explained.  Circuit  Training  was  performed  over 
a  ten  week  period,  five  days  per  week  in  the  present  study  and 
for  only  an  eight  week  period,  three  times  per  week  in  Brown's 
study. 

The  study  reported  by  Adamson  and  Morgan  (4:85)  showed 
percentage  increases  in  exercises  repetitions  involving  strength 
for  fifteen  year  old  boys,  but  no  controls  were  reported.  With¬ 
out  controls,  it  does  not  seem  possible  to  ascribe  strength 
increases  wholly  to  Circuit  Training,  part icular ily  in  the  light 
of  the  strength  increases  made  by  the  boys'  control  group  in 
the  present  study.  Subjects  were  of  about  the  same  age  in  both 
studies . 

Chapter  II  presented  findings  of  studies  done  at  the 
university  level  in  which  Circuit  Training  proved  effective 
(2,  51,  67,  71,  93).  In  the  three  studies  reported  involving 
the  use  of  controls  in  which  physical  fitness  was  measured; 
subjects  performed  the  circuits  only  twice  a  week,  but  for 
from  twenty  to  thirty-five  minutes  per  session  (51,  67,  93). 
Subjects  were  relatively  mature  university  students.  It  is 
difficult  to  compare  the  results  of  these  studies  with  the 
present  study  in  which  relatively  immature  junior  high  school 
pupils  performed  a  limited  program  of  about  ten  minutes  per 
session  for  five  days  per  week. ^ 

Finally,  a  comment  on  the  school  of  thought  that  advo¬ 


cates  the  importance  of  cardiovascular  fitness,  Cureton 
(33:33)  being  a  chief  proponent. 
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We  must  teach  what  I  consider  to  be  the  basic  process. 
That  is  a  steady  rhythmical  training  which  lasts  thirty 
minutes  or  longer.  This  repeated  day  after  day  after 
day,  getting  steadily  harder  but  very  gradually.  The 
average  citizen  of  this  country  has  no  idea  of  this  basic 
process  --  we  must  teach  him. 

The  performance  of  Circuit  Training  in  the  present  study 
did  produce  statistically  significant  car dio-vascular  effects 
as  measured  by  the  Astrand-Ryhming  nomogram.  The  effects  were 
achieved  by  repeated  training  sessions  for  ten  weeks  at  five 
days  per  week.  The  sessions  were  not  thirty  minutes  in  dura- 
tion  or  longer  but  only  ten  to  twelve  minutes  in  length. 

The  Circuit  Training  involved  may  not  be  considered  steady 
and  rhythmical,  but  rather  of  a  very  strenuous  nature  over 
short  session  durations. 

The  relative  merits  of  both  techniques  are  left  open  to 
further  investigation.  No  doubt  from  a  practical  point  of 
view,  a  physical  education  teacher  might  be  pleased  to  know 
that  he  may  be  able  to  achieve  some  car dio-vascular  fitness 
effects  in  his  classes,  yet  still  have  time  to  teach  skills 
for  use  in  leisure  periods. 

It  will  be  noted  that  results  of  the  present  study  also 
indicated  statistically  significant  strength  effects  caused 
by  the  limited  program  of  Circuit  Training  in  the  case  of  girls. 
The  boys'  experimental  group  also  made  greater  strength  gains 
than  the  control  group.  Although  these  changes  were  not  sig¬ 
nificantly  different  from  each  other,  one  might  speculate  that, 
had  the  boys  been  better  motivated,  and/or  used  heavier  weights, 
this  trend  might  also  have  been  significant. 
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CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 


Summary, 

The  purpose  of  this  study  was  to  investigate  the  effects 
of  a  program  of  Circuit  Training  on  selected  strength  and 
cardiovascular  measures.  The  program  was  administered  over 
a  ten  week  period,  five  days  per  week  for  from  ten  to  twelve 
minutes  per  day  in  which  iffom  two  to  three  circuits  per 
individual  were  performed.  Grade  Eight  and  Grade  Nine  boys 
(N  =  60)  and  girls  (N  =  38)  were  used  as  subjects.  Cardio¬ 
vascular  endurance  was  measured  by  the  Astrand-Ryhming  (10) 
predicted  maximal  oxygen  intake  test  with  values  given  in 
liters  per  minute.  Muscular  strength  was  measured  by  cable 
tensiometer  and  grip  dynamometer  techniques  after  the  methods 
used  by  Howell,  Loiselle  and  Lucas  (53).  Each  individual’s 
strength  scores  were  summed  to  give  a  single  strength  index 
in  pounds. 

Boys  and  girls  were  treated  separately  on  both  of  the 
indices  employed  and  each  sex  had  an  experimental  group  which 
performed  Circuit  Training  and  a  control  group  which  performed 
Structured  Play  instead  as  part  of  the  daily  physical  educa¬ 
tion  class  period. 

Groups  within  sexes  were  achieved  by  use  of  a  modifi¬ 
cation  of  the  block  method  (82:297).  Within  each  sex,  subjects 
were  arrayed  on  strength  values  and  the  array  divided  into 
quartiles.  Within  each  strength  quartile,  individuals  were 
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again  arrayed  according  to  oxygen  values.  Individuals  were 
paired  within  each  of  these  oxygen  arrays  beginning  with  the 
two  lowest  scores  and  progressing  upward  to  the  highest  scores. 
Each  individual  in  an  oxygen  pair  was  then  assigned  randomly 
to  one  or  another  of  two  groups  for  each  sex.  Groups  in  each 
sex  were  assigned  randomly  to  be  either  experimental  or  con¬ 
trol,  The  result  of  this  process  was  two  imperfectly  equated 
groups  (experimental  and  control)  on  two  variables  (oxygen 
consumption  and  strength)  for  each  sex. 

The  groups  within  each  sex  were  tested  by  a  two-tailed 
test  of  t  (39)  on  each  variable  to  ensure  that  they  were  not 
significantly  different  from  each  other  prior  to  the  Circuit 
Training  Program,  No  significant  differences  were  found  be¬ 
tween  groups  within  sexes  on  either  variable  at  the  0,05  level 
of  confidence. 

In  the  case  of  each  sex,  experimental  groups  did  ten 
to  twelve  minutes  of  Circuit  Training  during  each  class  period. 
Control  groups  played  or  practiced  the  activity  being  learned 
in  the  physical  education  classes  (Structured  Play)  for  the 
same  length  of  time.  Otherwise,  class  activities  of  both  groups 
were  kept  constant. 

The  Circuit  Training  included  two-arm  curls,  dumbell 
swings,  bench  presses,  squats,  two  arm  presses  and  bench  jumps, 
all  performed  with  weights.  Weights  were  selected  so  as  to 
be  lifted  at  a  maximum  rate  of  between  twelve  and  twenty-four 
times,  A  second  circyit  employed  involved  chins,  knee-bends, 
push-ups,  sit-ups,  bench  jumps  and  skips.  No  weights  were 
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used  here.  A  third  circuit  consisted  of  running  laps  around 
the  gymnasium  floor.  Appendix  D  includes  diagrams  of  each 
exercise  used  in  the  circuits.  Students  in  the  experimental 
groups  performed  a  different  one  of  the  above  circuits  each 
day  through  a  three  day  cycle.  The  Structured  Play  groups 
performed  in  volleyball,  archery  and  basketball  instead. 

An  analysis  of  variance  as  outlined  by  Edwards  (37:227) 
was  used  to  determine  significance  in  Groups  effects,  Trials 
effects  and  Groups  by  Trials  effects  for  experimental  and  con¬ 
trol  groups  compared  before  and  after  the  experiment  on  both 
oxygen  consumption  and  strength  values. 

The  following  variance  sources  showed  significant 
F-ratios  at  the  0.05  level  of  confidence: 

1.  Boys*  groups  in  predicted  maximal  oxygen  consump¬ 
tion  values  in  liters  per  minute  --  Trials  effect  and  Groups 
by  Trials  effect.  The  experimental  group  mean  increased 
from  2.42  to  2.60  liters  per  minute  while  the  control  group 
mean  decreased  from  2.35  to  2.33  liters  per  minute. 

2.  Girls’  groups  in  predicted  maximal  oxygen  consump¬ 
tion  values  in  liters  per  minute  --  Groups  by  Trials  effect. 

The  experimental  group  mean  increased  from  1.95  to  2.15 
liters  while  the  control  group  mean  decreased  from  1.84  to 
1.81  liters  per  minute. 

3.  Boys’  groups  in  summed  strength  values  in  pounds  ~~ 
Trials  effect.  The  experimental  group  mean  increased  from 
1368  to  1540  pounds  while  the  control  group  mean  also  increased 
from  1385  to  1513  pounds. 
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4 .  Girls'  groups  in  summed  strength  values  in  pounds 
—  Trials  effect  and  Groups  by  Trials  effect.  The  experi¬ 
mental  group  summed  strength  mean  increased  from  1060  to 
1246  pounds  while  the  control  group  mean  increased  from  1092 
to  1147  pounds. 

Conclusions . 

The  following  conclusions  appear  to  be  reasonable  within 
the  limitations  of  the  samples  investigated,  the  cardiovascular 
and  strength  measurements  employed,  the  types  and  performance 
of  the  Circuit  Training  employed,  and  the  statistical  treatments 
used  i 

1.  Circuit  Training  influenced  the  boys'  experimental 
group  to  change  in  a  significantly  different  way  than  the 
boys'  control  group  in  terms  of  predicted  maximal  oxygen  con¬ 
sumption.  The  experimental  group  mean  increased  while  the 
control  group  mean  decreased, 

2.  Circuit  Training  influenced  the  girls'  experimental 
group  to  change  in  a  significantly  different  way  than  the 
girls’  control  group  in  terms  of  predicted  maximal  oxygen  con¬ 
sumption.  The  experimental  group  mean  increased  while  the 
control  group  mean  decreased. 

3.  The  boys'  experimental  group  did  not  change  in 
a  significantly  different  way  than  the  boys*  control  group 

in  terms  of  summed  strength  values.  The  means  of  both  groups 
increased,  but  the  mean  of  the  experimental  group  increased 
more  than  the  mean  of  the  control  group. 

4.  Circuit  Training  influenced  the  girls’  experimental 
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group  to  change  in  a  significantly  different  way  than  the 
girls’  control  group  in  terms  of  summed  strength  values.  The 
means  of  both  groups  increased,  but  the  mean  of  the  experimental 
group  increased  more  than  the  mean  of  the  control  group. 

5.  Significant  Trials  effects  were  achieved  in  com¬ 
parisons  involving  boys'  groups  as  well  as  girls’  groups  on 
summed  strength  values  and  boys’  groups  on  predicted  maximal 
oxygen  consumption  values.  In  each  case,  experimental  groups 
had  final  mean  values  that  were  higher  than  respective  control 
groups „ 

6.  No  significant  Trials  effect  was  achieved  in  the 
comparison  involving  girls'  groups  on  predicted  maximal  oxygen 
consumption  values.  The  experimental  groups’  mean  increased, 
while  the  control  groups’  mean  decreased  over  the  course  of 
the  experiment. 

7.  No  significant  Groups  effects  were  achieved  by 
either  sex  on  either  variable. 

Differences  were  examined  for  significance  at  the  0.05 
level  of  confidence. 

Recommendat ions . 

1.  A  variety  of  physical  fitness  programs  suited  for 
use  at  the  secondary  school  level  should  be  developed.  These 
programs  should  be  relatively  easy  to  administer;  involve  the 
elements  of  fun  and  competition;  require  the  use  of  some 
interesting  but  inexpensive  equipment;  allow  for  individual 
differences;  not  tax  the  finite  energy  of  the  teacher,  and 
be  generally  educationally  sound. 
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Such  programs  may  then  be  alternated  with  Circuit  Train¬ 
ing  to  help  maintain  the  enthusiasm,  honesty  and  vigor  in 
participation  needed  to  achieve  desirable  significant  effects 
in  a  limited  time. 

2,  Further  studies  might  be  carried  out  over  longer 
periods  of  time  so  that  the  effects  of  Circuit  Training  and 
de-training  can  be  studied.  Heavier  weights  might  be  used. 
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APPENDICES 


APPENDIX  A 


STATISTICAL  TREATMENT 


STATISTICAL  TREATMENT 


In  effect,  four  studies  were  carried  out,  an  oxygen 
and  a  strength  study  for  boys  and  again  for  girls.  Statisti¬ 
cal  procedures  are  given  for  one  sex  only,  i.e.  the  girls. 

The  same  procedures  were  carried  out  for  boys. 

Study  Design 

1.  All  female  subjects  (n  =  38)  were  tested  for  pre¬ 
dicted  maximal  oxygen  consumption  values  in  liters  per  minute 
and  summed  strength  values  in  pounds.  This  was  done  prior 

to  when  the  experiment  began. 

2.  An  array  of  subjects  on  strength  values  was  per¬ 
formed  and  subdivided  into  quartiles. 

3.  Each  strength  quartile  was  re-arrayed  according  to 
oxygen  values  of  the  subjects  therein.  The  result  was  four 
arrays  based  on  oxygen  values. 

4.  Subjects  in  oxygen  arrays  were  paired  beginning 
with  the  two  subjects  with  lowest  oxygen  values  and  ending 
with  subjects  with  highest  oxygen  values. 

5.  Members  of  each  pair  were  assigned  by  a  toss  of 
a  coin  into  one  or  another  of  two  groups. 

6.  Resulting  groups  were  assigned  by  a  toss  of  a  coin 
to  experimental  (Circuit  Training)  or  control  (Structured  Play). 

Two  Tailed  Test  of  t 

Experimental  and  control  groups  were  compared  on  each 
variable  (oxygen  and  strength)  to  determine  if  groups  repre¬ 
sented  a  common  population  in  each  variable.  Procedures  for 
the  t  test  (39)  in  each  variable  were  identical.  Only  steps 
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used  for  girls1  oxygen  groups  will  be  presented  below.  Table 

VIII  contains  the  data  from  which  the  calculations  were  made, 

e-^  —  experimental  group  before  experiment, 

c^  --  control  group  before  experiment, 

n^  number  of  subjects  in  experimental  group, 

n2  —  number  of  subjects  in  control  group. 

x^  a  score  of  a  subject  in  experimental  group. 

x2  a  score  of  a  subject  in  control  group. 

--  mean  of  scores  in  experimental  group. 

X2  --  mean  of  scores  in  control  group. 

^  sum, 

S2  ~~  variance. 

DF  —  degrees  of  freedom  =  +  n2  -  2 . 

1,  Each  group's  oxygen  values  were  summed  and  averaged. 

=  35.15 
$cx  =  36.80 
X-l  =  1.96 

X2  =  1.84 


2.  The  difference  of  each  score  in  a  group  from  the 
mean  of  the  group  was  calculated,  squared  and  summed. 

i  (X1  ~  *l)2  =  1 . 6075 

((x2  “  ^2^  =  2‘4270 

3.  S2  was  calculated  by  adding  £  (x-^  -  X^)2  and 
£(x2  -  X2)2  and  dividing  by  the  degrees  of  freedom. 


1,6075  +  2.4270 

36 


.1120  =  S2 


4.  The  t  ratio  was  calculated  from  the  following 


formula: 
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TABLE  VIII 


DATA  FOR  t  TEST  AND  ANALYSIS  OF  VARIANCE  OF  GIRLS  OXYGEN  VALUES 


s 

el 

2 

el 

e2 

2 

e2 

s 

(el  +  e2)2 

1 

1.90 

3.6100 

2.05 

4.2025 

1 

15.6025 

2 

1.50 

2.2500 

1.80 

3 . 2400 

2 

10.8900 

3 

1.60 

2 . 5600 

1.80 

3 . 2400 

3 

11.5600 

4 

1.40 

1 . 9600 

1.85 

3.4235 

4 

10.5625 

5 

1.80 

3 . 2400 

2.40 

5 . 7600 

5 

17.6400 

6 

2.30 

5.2900 

3.00 

9.0000 

6 

28 . 0900 

7 

1.50 

2.2500 

1.70 

2 . 8900 

7 

10.2400 

8 

2.20 

4.8400 

2.76 

7.6176 

8 

24.6016 

9 

2.00 

4 . 0000 

1.95 

3.8025 

9 

15.6025 

10 

2.00 

4.0000 

2.20 

4.8400 

10 

17.6400 

11 

2.70 

7.2900 

2.73 

7.4529 

11 

29.4849 

12 

2.55 

6.5025 

2.65 

7.0225 

12 

27.0400 

13 

2.00 

4.0000 

1.98 

3 . 9204 

13 

15.8404 

14 

2.05 

4.2025 

2.00 

4.0000 

14 

16.4025 

15 

1.90 

3.6100 

2.10 

4.4100 

15 

16.0000 

16 

2.20 

4.8400 

2.15 

4.6225 

16 

18.9225 

17 

1.80 

3.2400 

1.60 

2.5600 

17 

11.5600 

18 

1.75 

3.0625 

2.00 

4.0000 

18 

14.0625 

T 

35.15 

70.7475 

38.72 

86.0034 

T 

311.7419 

S 

CI 

Cl2 

Ca  . 

.  c22 

S 

(Cl  +  C,)2 

1 

1.90 

3.6100 

1.25 

1.5625 

1 

9.9225 

2 

1.40 

1 . 9600 

1.40 

1 . 9600 

2 

7 . 8400 

3 

1.45 

2.1025 

1.55 

2.4025 

3 

9.0000 

4 

1.40 

1.9600 

1.30 

1.6900 

4 

7.2900 

5 

1.75 

3.0625 

2.00 

4 . 0000 

5 

14.0625 

6 

1.85 

3.4225 

1.92 

3.6864 

6 

14.2124 

7 

1.95 

3.8025 

2.20 

4.8400 

7 

17.2225 

8 

1.80 

3.2900 

1.65 

2.7225 

8 

11.9025 

9 

1.65 

2.7225 

1.55 

2.4025 

9 

10.2400 

10 

1.75 

3.0625 

1.58 

2.4964 

10 

11.0889 

11 

2.35 

5.5225 

1.82 

3.3124 

11 

17.3889 

12 

1.60 

2 . 5600 

2.05 

4.2025 

12 

13.3225 

13 

2.65 

7.0225 

2.78 

7.7284 

13 

29.4849 

14 

2.30 

5.2900 

2.30 

5.2900 

14 

21.1600 

15 

2.20 

4.8900 

1.93 

3.7249 

15 

17.0569 

16 

1.30 

1.6900 

0.95 

.9025 

16 

5.0625 

17 

1.50 

2.2500 

1.40 

1 . 9600 

17 

8.4100 

18 

2.05 

4.2025 

2.01 

4.0401 

18 

16.4836 

19 

2.05 

4.2025 

2.20 

4.8400 

19 

18.0625 

20 

1.90 

3.6100 

2.30 

5.2900 

20 

17.6400 

T 

36  ^ 
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el 

-  Experimental  Group 

Before 

S  - 

Subjects 

e2 

-  Experimental  Group 

After 

T  - 

Totals 

C1 

-  Control 

Group  Before 

X1  " 

•  Mean  Experimental  Group 

c2 

-  Control 

Group  After 

x2  - 

■  Mean 

Before  =  1.95 
Control  Group 
Before  =  1.84 

■ 

> 

t 

■ 

. 

1 

C  .£t 

‘  .  . 

' 

r  ' 

■ 


'  i  '  >  i 


t 


1.95  -  1.84 


.11 


.11 

.  1086 


1.0128 


1120 

18 


+ 


.1120 

20 


i 


.0118 


5.  The  t  value  was  entered  into  a  Table  of  t  (39)  at 
36  degrees  of  freedom  and  found  not  large  enough  to  indicate 
significance  at  the  .05  level  of  confidence  (  t  value  required 
for  significance  =  2.042). 


Analysis  of  Variance 

An  analysis  of  variance  as  outlined  by  Edwards  (36:227) 
was  used  to  test  for  significance  between  Groups,  between 
Trials  and  between  Groups  over  Trials.  Procedures  for  result¬ 
ing  F  ratio  tests  for  each  sex  on  each  variable  were  identical. 
Only  the  results  of  the  girls1  oxygen  experiment  will  be 
analyzed  as  an  example.  Table  V^H  gives  data  from  which 
example  calculations  were  made.  The  following  is  a  key  to 
some  of  the  symbols  used  with  corresponding  example  values  in 
brackets  where  applicable: 

e-^  =  score  (s)  of  a  subject  (s)  experimental  group,  before. 

e2  =  score(s)  of  a  subject (s)  experimental  group,  after, 

c^  =  score(s)  of  a  subject (s)  control  group,  before. 

c2  =  score (s)  of  a  subject (s)  control  group,  after. 

^  =  sum. 

G  or  £ei  =  sum  of  scores,  experimental  group,  before.  (35.15) 

H  or  ^Cj  =  sum  of  scores,  control  group,  before.  (36.80) 

I  or  ^e2  a  sum  of  scores,  experimental  group,  after.  (38,72) 

J  or  ^c2  s  sum  of  scores,  control  group,  after.  (36.14) 

K  or  ^e?  =  sum  of  squared  scores,  experimental  group  before. 

X  (70.7475) 


■ 


' 

■ 

. 

i  tqi  t_>  lo  ;  „  >  , 


L  or 

M  or 

P  or 

Q  or 

R  or 

TSS 

SSS 

SST 

SSST 

SSG 

SSC 

SSGT 

CT 

N 

DF 

a 

b 

ne^ 

ne2 

nc^ 

nc2 

n 


f =  sum  of  squared  scores,  control  group,  before. 

^  (70.1350) 

s  2 

^e«  =  sum  of  squared  scores,  experimental  group,  after. 

(86.0034) 

y  2 

>c  =  sum  of  squared  scores,  control  group,  after. 


(69.0536) 


£  (e-L+e2)  =  sum  of  squared  value  of  each  subjects  totaled 

before  and  after  score,  experimental  group. 

(311.7419) 

^(c!+c2)2  =  sum  of  squared  value  of  each  subjects  totaled 
before  and  after  score,  control  group. 

(276.8536) 


=  Total  Sum  of  Squares. 

=  Sum  of  Squares  for  Subjects, 

=  Sum  of  Squares  for  Trials. 

=  Sum  of  Squares,  Subjects  by  Trials. 

=  Sum  of  Squares  for  Groups. 

=  Sum  of  Squares  for  Cells. 

=  Sum  of  Squares,  Groups  by  Trials. 

=  Correction  Term. 

=  total  number  of  observations.  (76) 

=  Degrees  of  Freedom. 

=  number  of  Groups.  (2) 

=  number  of  Trials.  (2) 

=  number  of  subjects,  experimental  group,  before.  (18) 

=  number  of  subjects,  experimental  group,  after.  (18) 

=  number  of  subjects,  control  group,  before.  (20) 

=  number  of  subjects,  control  group,  after.  (20) 

=  number  of  subjects,  (38) 

1.  The  Total  Sum  of  Squares  was  calculated  according 

following  formulae: 

CT  =  (  j  G  +  H  +  I  +  J)2 

N 


to  the 


El. 

■ 

. 


TSS  =  (^K  +  L  +  M  +  P)~CT 

CT  =  (  £  35.15  +  36,80  +  38.72  +  36. 14)2 

76 

=  21553,1761  _  283.5944 

76 

TSS  =  (£  70.7475  +  70.1350  +  86.0034  + 

69.0536)  -  283.5944 
=  295.9395  -  283.5944 

=  12.3451 

2.  The  Subject  Sum  of  Squares  was  calculated  according 

to  the  following  formula: 

SSS  =  Q  +  R  _  (~^p 
2 


SSS  =  311.7419  +  276.8536  -  283.5944 

2 

=  588 * 5955  -  283.5944 

2 

=  294.2977  ~  283.5944  =  10.7033 


3.  The  Sum  of  Squares  for  Trials  was  calculated 

according  to  the  following  formula: 

SST  =  (G  +  H)2  (I  +  J)2  _  ^ 

ne-^+nC]_  ne2+nc2 

SST  =  (35.15  +  36. 80)2  (38,72  +  36. 14)2 

18  +20  18  +  20 

-  CT  =  5176,8025  +  5604,0196  -  283.5944 

38  38 


=  .1114 


4. 

according 


The  Sum  of  Squares.  Subjects  by  Trials  was  calculated 
to  the  following  formula: 


SSST 


TSS  -  SSS 


SST 


V  .  ■  .DOi 


SSSR 


12  .  3451  -  10 . 7033  -  .114 


=  1 . 5304 

5.  The  Sum  of  Squares  for  Groups  was  calculated 
according  to  the  following  formulas 

2 

'2 


SSG  =  (G  *  I)2  +  (H  +  J) 

nc^+nc. 


ne^+ne2 


-  CT 


SSG  =  (35 . 15  +  38. 72)2  A  (36.80  +  36.14) 

36  40 


-  CT 


a  151.5771  +  133.0060  -  283.5944 


a  . 9887 


6.  Error  a  was  calculated  according  to  the  following 


formula: 


Error  a  =  SSS  -  SSG 

Error  a  =  10.7033  -  .9887  =  9.7146 


7.  The  Sum  of  Squares  for  Cells  was  calculated  accord¬ 
ing  to  the  following  formulas 


SSC 

SSC 


(<£  +  ±  +  if  +  if 

\\  ne^  nc^  ne2  nc2 


CT 


Y 35.152  +  36. 802  +  38. 722  +  36. 142  ) 
^  18  20  18  20  / 


68.6401  +  67.7120  +  83.2910  +  65.3049 
-  283.5944  =  284.9480  -  283.5944 


1.3536 


•CT 


8.  The  Sum  of  Squares.  Groups  by  Trials  was  calculated 
according  to  the  following  formulas 

SSGT  -  SSC  -  SSG  -  SST 

SSGT  =  1.3536  -  .9887  -  .114  =  .2535 

9.  Error  b  was  calculated  according  to  the  following 


formulas 


yu  [  L>S  ;  all  O  -  :  D 


Error  b  =  SSST  -  SSGT 

Error  b  =  1*5304  -  *2535  =  1.2769 

10,  Degrees  of  Freedom  were  calculated  according  to 
the  following  formulae; 

(a)  Total  Degrees  of  Freedom  =  N-l,  or  76-1  =  75 

(b)  Degrees  of  Freedom  for  Groups  =  a-1,  or  2-1  =  1 

(c)  Degrees  of  Freedom  for  Trials  =  b-1,  or  2-1  =  1 

(d)  Degrees  <£  Freedom  for  error  a  =  (n-l)  -  (a-1)  or 

(38-1)  -  (2-1)  =  37-1  =  36 

(e)  Degrees  of  Freedom  for  Groups  X  Trials  =  (a-1) (b-1) 
or  (2-1) (2-1)  =  (1) (1)  =  1 

(f)  Degrees  of  Freedom  for  error  b  =  (n-l)  -  (b-1) 

=  (38-1)  -  (2-1)  =  37-1  -  36 

11 B  Appropriate  Sums  of  Squares  and  Degrees  of  Free¬ 
dom  were  then  entered  in  the  analysis  of  variance  table 
(table  V)  and  degrees  of  freedom  divided  into  the  sum  of 
squares  corresponding  to  get  mean  squares.  Error  a  mean 
square  divided  into  the  Groups  mean  square  gave  the  Groups 
F  ratio.  Error  b  mean  square  divided  into  Trials  mean  square 
gave  the  Trials  F  ratio  and  error  b  mean  square  divided  into 
the  Groups  by  Trials  mean  square  gave  the  Groups  by  Trials 
F  ratio.  These  ratios  were  entered  into  an  F  ratio  Table 
with  respective  appropriate  degrees  of  freedom  to  test  for 
significance , 
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APPENDIX  B 

OXYGEN  NOMOGRAM  DATA  SHEET 


STRENGTH  DATA  SHEET 
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APPENDIX  C 


RAW  DATA 


RAW  SCORES  OXYGEN  CONSUMPTION  AND  SUMMED  STRENGTH  FOR  BOYS 


EXPERIMENTAL  BEFORE  AND  AFTER  EXPERIMENT 


Grade 

Subject 

Oxygen 

Value 

(L/min) 

Before 

Oxygen 

Value 

(L/min) 

After 

Summed 

Strength 

(lbs.) 

Before 

Summed 
Strength 
(lbs. ) 
After 

8 

1 

2.60 

2.68 

1094 

1228 

8 

2 

1.90 

1.81 

903 

1172 

8 

3 

4.20 

4.40 

1390 

1582 

8 

4 

2.45 

3.30 

1124 

1479 

8 

5 

2.15 

2.57 

1042 

1261 

8 

6 

2.75 

3.35 

1249 

1395 

8 

7 

2.10 

2.30 

1180 

1296 

8 

8 

1.60 

1.75 

- 

- 

8 

9 

1.70 

1.73 

1259 

1208 

8 

10 

2.55 

2.73 

1059 

1220 

8 

11 

2.50 

2.75 

1048 

1445 

8 

12 

2.30 

2.70 

1382 

1373 

8 

13 

2.25 

3.00 

1441 

1163 

8 

14 

2.00 

2.15 

1086 

1358 

9 

15 

2.50 

2.95 

1347 

1427 

9 

16 

2.95 

2.95 

1756 

1552 

9 

17 

2.65 

2.45 

1600 

1524 

9 

18 

2.75 

3.20 

1471 

2198 

9 

19 

2.00 

2.15 

1532 

1788 

9 

20 

2.35 

2.50 

1568 

1634 

9 

21 

1.40 

1.50 

654 

1042 

9 

22 

1.70 

1.75 

1243 

1628 

9 

23 

2.00 

1.90 

1705 

1736 

9 

24 

2.35 

2.25 

1932 

1780 

9 

25 

2.25 

2.10 

2046 

2236 

9 

26 

2.80 

2.85 

1704 

2060 

9 

27 

3.60 

3.60 

1567 

1951 

9 

28 

2.60 

2.93 

1501 

1832 

9 

29 

3.20 

3.53 

1671 

1725 

9 

30 

2.65 

2.45 

1663 

1836 

9 

31 

2.25 

2.25 

817 

1079 
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RAW  SCORES  OXYGEN  CONSUMPTION  AND  SUMMED  STRENGTH  FOR  BOYS 


CONTROL  BEFORE  AND  AFTER  EXPERIMENT 


Oxygen 

Oxygen 

Summed 

Summed 

Value 

Value 

Strength 

Strength 

(L/min) 

(L/min ) 

(lbs . ) 

(lbs . ) 

Grade 

Subject 

Before 

After 

Before 

After 

8 

1 

2.70 

2.20 

1555 

1846 

8 

2 

2.30 

1.95 

1070 

1031 

8 

3 

2.10 

2.25 

1176 

1365 

8 

4 

1.90 

2.50 

1025 

1302 

8 

5 

2.00 

2.35 

1098 

1425 

8 

6 

1.60 

1.65 

1690 

1825 

8 

7 

2.65 

2.20 

1670 

1809 

8 

8 

2.60 

2.15 

1469 

1382 

8 

9 

1.55 

1.50 

998 

903 

8 

10 

1.65 

1.43 

1042 

690 

8 

11 

2.90 

2.65 

1231 

1151 

8 

12 

2.80 

2.70  . 

1040 

1244 

8 

13 

2.00 

1.75 

1425 

1580 

8 

14 

2.40 

2.51 

1895 

1737 

8 

15 

1.30 

1.33 

1105 

1184 

9 

16 

2.15 

2.15 

1603 

1610 

9 

17 

3.40 

2.41 

1629 

1629 

9 

18 

2.10 

2.25 

1206 

1235 

9 

19 

2.65 

2.73 

1267 

1599 

9 

20 

2.30 

2.50 

1857 

2297 

9 

21 

2.70 

2.90 

1707 

1928 

9 

22 

2.30 

2.40 

1282 

1383 

9 

23 

2.55 

2.75 

996 

1178 

9 

24 

3.10 

3.30 

2083 

2183 

9 

25 

2.30 

2.35 

1254 

1490 

9 

26 

2.15 

2.20 

1610 

1947 

9 

27 

3.00 

2.76 

1847 

1932 

9 

28 

2.20 

2.22 

871 

1234 

9 

29 

2.80 

3.40 

1477 

1769 
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RAW  SCORES  OXYGEN  CONSUMPTION  AND  SUMMED  STRENGTH  FOR  GIRLS 


EXPERIMENTAL  BEFORE 

AND  AFTER 

EXPERIMENT 

Oxygen 

Oxygen 

Summed 

Summed 

Value 

Value 

Strength 

Strength 

(L/min) 

(L/min ) 

(lbs. ) 

(lbs . ) 

Grade 

Subject 

Before 

After 

Before 

After 

8 

1 

1.90 

2.05 

1028 

1259 

8 

2 

1.50 

1.80 

1176 

1270 

8 

3 

1.60 

1.80 

926 

1445 

8 

4 

1.40 

1.85 

933 

1252 

8 

5 

1.80 

2.40 

1084 

1714 

8 

6 

2.30 

3.00 

1197 

1357 

8 

7 

1.50 

1.70 

961 

1100 

8 

8 

2.20 

2.76 

943 

1112 

8 

9 

2.00 

1.95 

1244 

1038 

8 

10 

2.00 

2.20 

1280 

1185 

9 

11 

2.70 

2.73 

1203 

1008 

9 

12 

2.55 

2.65 

1217 

1438 

9 

13 

2.00 

1.98 

772 

976 

9 

14 

2.05 

2.00 

809 

1191 

9 

15 

1.90 

2.10 

1035 

1250 

9 

16 

2.20 

2.15 

1298 

1523 

9 

17 

1.80 

1.60 

1300 

1407 

9 

18 

1.75 

2.00 

676 

911 

. 
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RAW  SCORES  OXYGEN  CONSUMPTION  AND  SUMMED  STRENGTH  FOR  GIRLS 


CONTROL 

BEFORE  AND 

AFTER  EXPERIMENT 

Oxygen 

Oxygen 

Summed 

Summed 

Value 

Value 

Strength 

Strength 

(L/min ) 

(L/min ) 

(lbs . ) 

(lbs. ) 

Grade 

Subject 

Before 

After 

Before 

After 

8 

1 

1.90 

1.25 

1050 

1230 

8 

2 

1.40 

1.40 

1475 

1352 

8 

3 

1.45 

1.55 

698 

874 

8 

4 

1.40 

1.30 

941 

1130 

8 

5 

1.75 

2.00 

1126 

1268 

8 

6 

1.85 

1.92 

1358 

1434 

8 

7 

1.95 

2.20 

1201 

1137 

8 

8 

1.80 

1.65 

1363 

1242 

8 

9 

1.65 

1.55 

824 

1045 

8 

10 

1.75 

1.58 

1017 

1148 

8 

11 

2.35 

1.82 

1214 

1233 

9 

12 

1.60 

2.05 

1343 

1177 

9 

13 

2.65 

2.78 

1301 

1172 

9 

14 

2.30 

2.30 

959 

1214 

9 

15 

2.20 

1.93 

797 

937 

9 

16 

1.30 

0.95 

1136 

1196 

9 

17 

1.50 

1.40 

679 

877 

9 

18 

2.05 

2.01 

1233 

1087 

9 

19 

2.05 

2.20 

1230 

1045 

9 

20 

1.90 

2.30 

888 

1151 

55-.  I 

85.1 

:i 
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CIRCUIT  ADMINISTRATION 
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CIRCUIT  ADMINISTRATION 


Figure  5  shows  the  layout  of  the  three  circuits  used 
in  the  experiment.  All  three  circuits  operated  simultaneously, 
one-third  of  the  class  or  about  ten  students  performing  on 
each.  Students  in  each  of  these  class  sub-divisions  would 
rotate  through  all  three  circuits  over  the  course  of  three 
days,  performing  a  different  circuit  each  day  in  the  three 
day  cycle.  The  cycle  would  then  be  repeated. 

Figure  6  is  a  diagramatic  presentation  of  the  exercises 
in  the  regular  and  weight  circuits.  The  third  circuit,  laps, 
needs  no  explanation. 

Some  features  of  the  circuit  which  may  be  of  interest 
are  presented  below.  Letters  and  numbers  in  brackets  refer 
to  Figure  5. 

1.  Floor  numbers  (4)  were  painted  on  the  gymnasium 
floor  in  three  rows  spaced  to  allow  students  to  sit  on  their 
numbers  in  an  arrangement  which  allowed  all  a  view  of  the 
blackboard  (3)  and  facilitated  explanations  and  instructions 
on  the  part  of  the  teacher. 

2.  Each  student  was  assigned  a  floor  number  for  the 
year  and  recorded  circuits  completed  in  the  appropriate  space 
by  that  same  number  on  the  moveable  circuit  recording  board 
(2).  Shelves  were  built  under  this  board  and  numbered  to 
allow  each  student  to  store  his  notebook  on  a  shelf  with  the 
same  number  as  his  assigned  floor  number. 

3.  A  twenty-four  foot  chinning  bar  (Rl)  was  attached 
to  the  wall.  It  was  constructed  in  three  levels  of  graded 
heights  ranging  from  about  seven  to  nine  feet  from  the  floor. 
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circuit  layouts 
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CIRCUIT  EXERCISES 

Grcfc.3  JGIklts  auc)  mimbc.'t'S  cottcsRtic)  to  R^utc.  5* 


A  foot  rest  about  three  feet  from  the  floor  was  also  constructed. 


This  allowed  about  twelve  students  of  either  sex  to  use  the 
bar  at  one  time  regardless  of  their  relative  sizes. 

4.  A  moveable  weight  storage  cart  (5)  was  constructed. 
The  cart  was  about  thirty  inches  square  and  four  feet  high. 
Twelve  dumbells  could  be  stored  horizontally,  arranged  three 
to  a  side,  one  above  another  near  its  center.  Twelve  bar¬ 
bells  could  be  stored  around  the  perifery  of  the  cart.  Three 
barbells  were  located  on  each  side,  stored  vertically,  resting 
on  their  ends,  but  arranged  side  by  side.  The  cart  was  built 
locally  under  the  direction  of  the  writer  for  a  cost  of  about 
two  hundred  dollars.  It  can  handle  about  five  hundred  pounds 
of  weights.  The  cart  made  it  unnecessary  to  have  a  special 
weight  training  room. 

5.  The  Matterhorn  peg  board  (S)  was  also  designed  by 
the  writer  and  manufactured  locally.  It  was  built  in  the 
form  of  an  inverted  V.  Students  began  at  one  end,  placing 
the  pegs  alternately  in  empty  holes  in  the  board  as  they 
progressed  to  the  peak  then  down  the  other  side.  The  design 
allows  a  continuous  stream  of  students  to  use  the  device, 
those  just  beginning  not  having  to  wait  until  those  on  the 
"mountain”  have  descended. 

6.  The  benches  used  in  bench  presses  (W3)  and  bench 
jumping  (W6,  R5)  were  moveable  and  stored  off  the  gymnasium 
floor  playing  surface. 

7.  The  moveable  teacher’s  desk  and  chair  (1)  allow 
the  teacher  an  energy  conserving  station  from  which  to 
monitor  performance  on  the  circuits. 
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8.  Students  who  were  excused  from  physical  education 
for  medical  reasons  were  used  as  circuit  monitors.  They 
were  located  on  stools  (6)  which  also  served  as  corner  posts 
for  the  laps  circuits. 

9.  Special  ribbons  marked  Centennial  Circuit  Citation 
were  awarded  students  judged  by  teacher  and  monitors  to  have 
done  the  circuits  with  the  greatest  enthusiasm,  vigor  and 
honesty  in  a  given  week, 

10.  With  planning,  about  one  minute  was  needed  to 
take  out  the  circuit  equipment  and  about  one  minute  was 
needed  to  re-store  it. 

11.  To  determine  student  work  loads  on  the  Regular 
Circuit  a  test  was  administered  before  the  experiment  and 
also  after  five  weeks.  The  test  consisted  of  doing  the  exer¬ 
cises  required  for  each  station  for  one  minute.  The  rest 
period  between  stations  increased  from  one  through  five 
minutes  allowing  an  additional  minutes  rest  with  each  station 
performed.  In  order  to  get  maximum  performance  from  students 
a  "fitness”  score  was  calculated  (Appendix  E) ,  Students 
were  paired  for  the  Circuit  Test,  one  being  a  recorder,  the 
other  the  subject.  The  recorder  would  count  the  total  number 
of  repetitions  done  by  the  subject  and  enter  under  a  column 
on  the  score  sheet  called  "Possibles".  While  counting,  the 
recorder  would  put  a  check  mark  down  under  a  column  marked 
"Check-offs"  for  each  poorly  performed  repetition.  The 
"check-offs"  were  subtracted  from  the  "Possibles"  and  the 
resulting  total  entered  in  a  column  marked  "Actuals".  The 
"Possibles"  tally  was  used  in  computing  a  student's  circuit 
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dosage. .  The  circuit  dosage  for  each  station  would  be  one- 
half  the  tally  in  the  "Possibles”  Column.  However,  only  well 
performed  exercises  as  tallied  under  the  "Actuals"  column 
went  into  calculating  the  fitness  scores.  The  t  effect  was 
to  get  conscientious  effort  on  the  circuit  test. 

12.  Students  arranged  the  weight  dosage  by  a  self- 
administered  test.  They  experimented  with  each  of  the  three 
weights  available  for  each  station  to  see  which  one  they  could 
lift  maximally  between  twelve  to  twenty-four  times.  Once 
having  determined  this,  they  used  that  weight  at  half  their 
maximal  repetition  rate  on  each  circuit. 
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APPENDIX  E 

CIRCUIT  TEST  SCORE  SHEET 
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